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THE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 


knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 900 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of a public or private water works, an engineer, chemist or 
ether person qualified to aid or interested in the ad of knowledge relative to water works. 

An Honorary Member shall be a person of acknowledged eminence in some branch of water supply or 
ef engineering. 

A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work. 

An Associste shall be either # person, firm or corporation engaged in manufacturing or furnishing 
materials or supplies for the construction or maintenance of water works. 

4 Corporate Member shall be either a Water Board, Commission, Company or Municipal Corporation. 

The initiation fees and annual dues are as follows: 


Initiation Fees Annual Dues 
Corporate Members ................ 10.00 Corporate Members ................ 10.00 


This Association has at least eight regular meetings each year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 
— convention, held in September on such date as the Executive Committee may 
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10 JOBS SINCE 1920 


AS NORFOLK GROWS so must its water supply 
system. For more than 25 years municipal engi- 
neers have met this City’s continually increasing 
need for water by installing 73 miles of Lock Joint 
Reinforced Concrete Pressure Pipe. Thus, a water 
supply system of sustained high carrying capacity, 
negligible maintenance cost, immense structural 
strength and unfailing service is assured for gen- 
erations. 
Repeat orders from Norfolk and many other Ameri- 
can cities are convincing evidence of the complete 
dependability, high quality and economy of Lock 
Joint Reinforced Concrete Pressure Pipe. 
For future projects, large or small, specify 
Lock Joint Pipe. 
A Hazen-Williams Hydraulic Slide Rule will gladly 
be sent upon request with our compliments. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


Pressure Pipe Plant: Wharton, N. J.; Sewer Plant: Kenilworth, N. J. 

BRANCH OFFICES: Denver, Colo. * Chicago, Ill. 

sas City, Mo. Rock Island, Ill. Joplin, Mo. 

Valley Park, Mo. * Cleveland, Ohio * Hartford, Conn. 
Navarre, Ohio 


1943 — (Top photo) Installing 36” pipe 
alongside of old wood stave pipeline 
which it replaces. 


1921—(Lower photo) Installation of 
Lock Joint pressure pipeline on 
Trestle over Elizabeth River. 


* 


SCOPE OF SERVICES 

Lock Joint Pipe Company specializes 
in the manufacture and installation 
of Reinforced Concrete Pressure Pipe 
for Water Supply and Distribution 
mains in a wide range of diameters 
as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, 
Culverts and Subaqueous lines. 
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the Famous empire Balenced Piston 


for Greater Accuracy, 
Longer Life 


In Empire Type 12 and Type 14 
meters the balanced, oscillating piston 
smoothly glides in a circular motion 
between the halves of a snap-joint 
measuring chamber. Friction and 
wear are minimized by having the 
bearing area distributed over the en- 
tire circumference of the piston. And 
because the web of the piston is cen- 
tered to equalize pressure above and 
below it... and because of its feather- 
weight, this piston practically floats 
between the mirror-smooth faces of 
the chamber. 

is exclusive operating principle, 
eee 14 unobtainable in any other water meter, 
has made Empire meters noted for 
their high degree of sustained accu- 
racy. Even after many years of service, 
z the balanced, gliding piston of an 
in bulletin W-801 Empire will respond to the small 
flows that an ordinary meter might 

miss entirely. 


PITTSBURGH EQUITABLE METER DIVISION 
Rockwell Manufacturing Company 
PITTSBURGH 8&8, PA. 
Atlante, Boston, Chicago, Houston, Kansas City, Los Angeles 
New York, Pittsburgh, San Francisco, Seattle, Tulsa 


ATING 
Empire Meters 
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...AND IN EVERY COMMUNITY 


WATER 


promises are rarely 
kept, but election year .. . 

and every year . . . you can count on pure, safe water if you choose a 

%Proportioneers % Heavy Duty Midget Chlor-O-Feeder to hypochlorinate 

your water supply. This small proportioning pump treats from a few 

gallons up to a million gallons of water a day, and is easily adjusted to 

feed any chemical at rates up to 72 g.p.h., against pressures to 85 p.s.i. 

When cross-connected to the starting switch of the water pump motor, 

it provides fully automatic treating in exact proportion to flow. Because 
of its extremely simple, rugged 
construction, the Heavy Duty 
Midget does not require a skilled 
operator. In thousands of commu- 
nities where it has been chosen for 
the important job of making drink- 
ing water healthy this “little red 
pump” has an outstanding record 
of performance. 
Now available from stock — see 
your local representative or write 
today for Bulletin HDM-2. 


PROPORTIONEERS, 


63 CODDING ST., PROVIDENCE 1, R. I. 
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Becouse of its lite wedging oction, the dices Smith 
Gate Valve are not expanded laterally until after they have com- 
pleted their travel and fully cover the ports. Termination of the 
discs’ travel and further turning of the valve stem actuates the 
wedges and expands the discs. In opening, the action is reversed, 
the wedges are fully released before the discs commence to travel 
to an open position. 

Smith Gate Valves are made in all types and sizes for monval, 
hydraulic cylinder, or motor operation and for low— medium — 
high pressure services. 


and then ; 
| THEAP. SMITA MFG.co. 


Engineering Facts about 


TRANSITE PRESSURE PIPE 


Subject:—JOINTS 


= Simplex Coupling—the standard 
coupling for Transite* Pressure Pipe 
—was engineered by Johns- Manville to 
minimize costly underground leakage 


and to provide maximum 
protection against pipe line 
failures resulting from trou- 
ble at the joints. 

It consists of only three 
parts: a Transitesleeve, care- 
fully machined to fit over 
the end of the pipe, and two 
rubber rings which, when 
assembled, are tightly com- 
pressed between pipe and 
sleeve. The result is a tight 
yet flexible seal that pro- 
vides a number of important 
advantages. 

First, its effectiveness does 
not depend on the individual 
skill or training of the work- 
men. The Simplex Coupling 
is, in effect, a factory-made 
joint which is simply as- 
sembled on the job. Perfect 
joints are quickly, easily 
made, even by inexperienced 
crews. And—a unique fea- 


ture—each joint may be checked for 
proper assembly immediately upon 


completion. 


stallation above. 


DEFLECTIONS up to 5° at each joint are possible with 
the Simplex Coupling. This permits laying the pipe 
around curves or obstructions as shown by the in- 


*Transite is a registered Johns-Manville Trade Mark 


SIMPLICITY of the Simplex 
Coupling helps assure per- 
fect joints independent of 
workmen's skill. These cut- 
away views show complete 
assembly operation: (1!) 
Start, (2) Sleeve pulled over 


one ring, and (3) Final posi- 
tion with sleeve centered 
over joint. 


Moreover, the flexibility inherent in 
the design of this coupling safeguards 
against leakage once the pipe has been 
placed in service. Because each joint is 


capable of deflection, the 
entire line has a flexibility 
not commonly found in other 
types of underground water 
line construction. This mini- 
mizes flexural stresses in the 
line . . . allows the pipe to 
conform to soil movement 

. . helps it absorb the vibra- 
tion of heavy traffic under 
busy city streets. Many 
thousands of miles of Tran- 
site Pipe confirm the ability 
of the Simplex Coupling to 
protect the line against the 
stresses that are so often a 
cause of joint leakage and 
pipe failure. 

Joints that stay tight in 
service are but one advan- 
tage of Transite—the mod- 
ern asbestos-cement pipe 
that was engineered to 
carry water more efficiently. 
For further engineering 


facts, write for brochure TR-11A. Ad- 
dress Johns-Manville, Box 290, New 


York 16, New York. 


The flexibility inherent in the Simplex Coupling helps 
gvard against the shock and vibration of traffic. Under 
busy city streets, this factor also minimizes flexural 


stresses in the line. 


THE BARRETT DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. 


*Reg. U. S. Pat. Off. 


Electrical 
Insulation 


eee THE MOST ECONOMICAL 


PIPELINE INSURANCE 
YOU CAN BUY 


Because they possess ability to resist 
moisture absorption and remain unaffected 
by the changes in moisture content of 

soils, Barrett* Coal-tar Enamels provide 
positive and long-lasting stability of 
insulation. 

These coatings, applied with modern equip- 
ment by modern methods, plus electrical 
inspection, plus cathodic protection, 
produce corrosion-proof pipelines that re- 
quire a minimum use of complementary 
electrical energy and a minimum investment 
in this form of electrical protection. 

The sound economy of coal-tar enamels 

in conjunction with cathodic protec- 

tion has been amply demonstrated over a 
long period of years in all types of soil 

and climatic conditions. 


FIELD SERVICE: The Barrett Pipeline 
Service Department and staff of Field 
Service men are equipped to provide both 
technical and on-the-job assistance in 

the use of Barrett* Enamel. 
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of America’s Safest Cities’ 
The Mathews Firemen say 


WHAT THESE FELLOWS MEAN is that New Orleans protects her 
life and property with Mathews Hydrants. That wise old city 
knows that where there’s a Mathews there’s extra safety. And 
why not have it? 

The Mathews is an Old Reliable from ’way back. Virtually 
nothing could go wrong with it, the way it’s designed. It drains 
dry. It cannot leak. Friction is minimized. The revolving nut is 
safe from rain, dirt and dust. Water cannot reach the stem to 
rust or foul it. And this ingenious mechanism permits quick 
repair from damage by traffic; for the working parts are con- 
tained in a removable barrel which can be replaced in a jiffy. 

Proved the world around for over 75 years, there’s no guess- 
work about the Mathews. You will want to give your community 
this extra measure of safety. Send for illustrated booklet about 
the great Mathews Hydrant. 


OTHER MATHEWS FEATURES: Head can be rotated 360° + Re- 
placeable head—nozzle outlets easily changed « Nozzle levels raised 
or lowered—no excavating « Stuffing-box plate integral with nozzle 
section—strong, safe, leakproof « True compression-type main 
valve « Only one part to oil—the operating thread. 


MATHEWS HYDRANTS 


Public Ledger Building, Independence Sq., Philadelphia 5, Pa. 
Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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NEW ORLEANS 7 
Made by R. D. WOOD COMPANY 


DOOM, 


MUELLER 


BRASS GOODS 
FOR 
WATERWORKS 


The Mueller BLUE TOP line of water works brass goods is a 
special line that has been expressly designed and developed 
to meet unusually hard service conditions. All items in this 
line are cast with extremely heavy sections from high copper 
content brass to give maximum resistance to corrosion and 
to allow for the painstaking grinding and lapping of the key 
into its body to insure easy turning. This heavy casting also 
permits of full round way openings and heavy checks——far 
wider orifices and stronger checks than found on ordinary 
Curb and Meter Stops without sacrifice to the strength of the 
body or threads. If you are interested in only the finest 
waterworks brass goods available, then specify the Mueller 
BLUE TOP line. Ask any Mueller Representative, or write 


us direct. 
> 


bey 


OFFICE. 132 EMPIRE STATE BLDG ¥., N 
DECATUR, ILLINOIS 
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CENTRILINE CORPORATION 

144 CEDAR STREET ¢ NEW YORK 6, N.Y. 

Cement Mortar Linings for Water Mains 

Centrifugally Applied In Strict Conformity 
with A. W. W. A. Specifications 


> WRITE TODAY 
FOR THE NEW 
CENTRILINE CATALOG 


> > PCENTRILINE restores the original 
carrying capacity of old water mains at 
reasonable cost by the centrifugal applica- 
tion of a cement lining. This smooth, 
dense, continuous coating defies corrosion 
and tuberculation. Hence, carrying 
capacity is sustained for the lifetime of 
the main. 
The ever-smooth, protective lining cen- 
trifugally applied by Centriline in some 
instances has increased carrying capacity 
beyond the rate of the pipeline when 
originally installed. This is due to the 
homogeneity of the lining which covers 

seams, joints and 

rivet heads. 


If mains are losing their 
efficiency, consult with 
our experienced hydraulic 


engineers. 


> PIPE LINING FACTS NO. 1 
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. . . wrote a Bureau of Water Superin- 
tendent to another city’s Board of Water 
Commissioners, and then went on to say: 


“We have standardized on Badger Meters 
and find them very satisfactory . . . most 
economically priced for first cost as well 
as low in maintenance cost. Further, I 
have found these people a good concern 
to deal with.” 


Badger Meters improve your “customer 
relations”, increase your prestige with tax- 
Payers, assure continued accuracy in regis- 
tration of all water used. It pays to BUY 
BADGER. 


Every. water works superintendent should 
bave a copy of our chart: 

“RELATIVE CARRYING CAPACITIES 
OF PIPE LINES’, No. 668 


Send for yours today (no charge) 


BADGER METER MFG. CO. 
Milwaukee 10, Wis. 


last figures 
showed 
the lowest 

maintenance costs” 


NEW YORK CITY 
SAVANNAH, GA. CINCINNATI CHICAGO KANSAS CITY, MO. 
WACO, TEX. © SALT LAKE CITY, UTAH © PORTLAND, ORE. © SEATTLE, WASH. © LOS ANGELES 


BRANCH OFFICES: 
© PHILADELPHIA © WORCESTER, MASS. 
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Equipment can 
Produce PRELOAD 
Results - = = 


Pipe lining surface equip- 
ment, Philadelphia, Pa. 


Backed by long experience in the 
application of pneumatic cement mor- 
tar linings PRELOAD PIPE LINING 
is now done by specially designed 
equipment embodying a number of 
unique features. 


The PRELOAD cement Pipe Lining 
Machine utilizes material which has 
been pre-mixed dry, above ground, 
and is conveyed to it under pneumatic 
pressure. The mixture is hydrated by 


water jets at the nozzle i diately 


trowe!s attached to 
troweling arms. 


pantograph 


The surface equipment is designed 
to operate with a minimum of dis- 
turbance to traffic and surrounding 
business and residential districts; is 
highly mobile and provides every fa- 
cility for carrying forward the below- 
ground pipe lining operation with 
speed, efficiency, and economy. 


PRELOAD Pipe Lining can give a 
new lease of life to old water 


prior to being “shot” against the pipe 
wall with a velocity of over 300 feet 
per second. The thickness of the ce- 
ment mortar lining is closely con- 
trolled by special mechanism. The ce- 
ment mortar lining is then smoothed 
by four graduated spring-loaded 


mains 24” or larger; conserve and 
forestall capital investments in new 
pipe lines; improve service by increas- 
ing fire fighting, industrial and do- 
mestic water pressure; and create new 
water revenues through increased pire 
line capacity. 


SEND FOR OUR PIPE LINING BULLETIN 


THE PRELOAD COMPANIES 


420 LEXINGTON AVE., NEW YORK, N. Y. 


Designers and Builders of Prestressed Concrete Storage Tanks and Pressure Pipe 


Prestressed Concrete Bridges and Cement Lining of Pipe in Place 


The Preload Corporation 
New York—Boston—Washington 
Preload Central Corporation 
St. Louis—Chicago—Kansas City 


Preload Pacific Corporation 
San Francisco—Los Angeles 
The Preload Co. of Canada, Ltd. 


Montreal—Toronto—Halifax 


i 48” pipe, Philedelphia, Po. 
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A WHAT for every 
WHERE and WHEN 


Preventing and curing water-line head- 
aches is largely a matter of having the 
right pipe joint or repair product for 
each specific need. Engineered to solve 
your problems, Dresser’s complete line 
provides labor-saving, economical prod- 
ucts for efficient and permanent pipe 
joining and repair. 

Also available to you, from Dresser, 
is information from what has been 
called “the most complete pipe line 
data in the world”. Your inquiries are 
cordially invited. 


Where Dresser Products can serve you 


Here are some of the many installations on which 
Dresser Couplings and Repair Products can save 


you time, trouble and 
Water supply lines 
Distribution lines 
Sewer trunk lines 
Outfalls 

Bridge crossings 
Filtration plants 

Pump connections 


expense: 


Force mains 

Intakes 

Subaqueous lines 
Penstocks 

Pumping stations 

Air conditioning piping 
Sprinkler system piping 


Bellmaster Joints owes 85) for 
Bellmaster cast iron pe. Fits 


inside bell. Sizes to PD”, 


DRESSER 


Malleable and Steel Saddles 
(Style 91) for service connections 
to steel and cast iron pipe. Sizes 


114” ID to 20” OD. 


ONE OF THE DRESSER INDUSTRIES 


Dresser Manufacturing Division, Bradford, Pa. 
anufacturing Co., Ltd., 60 Front St., W., 


In Canada: Dresser 


Adjustable Bell-Joint Clamps 
(Style 60) for sepaiing os and pre- 
venting leaks -spigot 
joints. Sizes 3” t Cl CIP. 


Repair Sleeves 
Sty quick, permanent 
on cast iron lines. Sizes 


_ Repair Sleeves (Style Agee 
heecire Sizes from 2” to 12”. 


Boltless Fittings—Style 90 for 
service lines—Style 65 for equip- 
ment piping—Style 88 for copper 
tubing. Sizes 2’ and smaller. 


COUPLINGS AND 
REPAIR PRODUCTS 


+ 1121 Rothwell St., Houston, Texas. 


Toronto, Ontario 


@ 
Steel Couplings (Style 38) for 
pipe. Sizes from 34” to 72” es 
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Vogue Studio 


DONALD C. CALDERWOOD 
PRESIDENT OF THE NEW ENGLAND WATER Works ASSOCIATION, 1947-48. 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXII Marcu, 1948 No. 1 


This Association, as a body, is not responsible for the st ts or opini of any of its members 


CONTAMINATION OF WATER SUPPLIES BY RADIOACTIVE 
SUBSTANCES 


BY J. CARRELL MORRIS* AND JEANNE B. CARRITT+ 


[Read September 16, 1947.] 


THE advent of practical nucleonics through the use of radioactive 
materials on a large scale will introduce new problems to many in- 
dustries and professions. Not the least of these are the public health 
professions, which will be charged with the task of seeing that the 
use of radioactive materials does not endanger the life or health either 
of workers in fields employing radioactive materials or of the populace 
in general. For the sanitary engineer this means, among other things, 
the development of suitable equipment for the detection of dangerous 
amounts of radioactivity in water supplies and of suitable methods for 
the elimination of these dangerous amounts. While it is probable that 
the problem will be one of immediate interest only in isolated spots 
for some years to come, nevertheless the critical nature of the prob- 
lem when it occurs means that every effort should be made to antici- 
pate and solve possible difficulties well in advance of their actual 
appearance. The present paper makes no attempt to do this in a com- 
plete or detailed manner. It is simply an effort to indicate the classes 
of problems which are likely to be encountered and to suggest pos- 
sible types of solutions to some of them. 


BIOLOGICAL EFFECTS OF RADIOACTIVE RADIATION 


Atomic disintegrations involve the release of several types of 
particles: alpha particles or helium nuclei, beta particles or high- 
speed electrons, gamma rays or very short wave-length X-rays, neu- 
trons, protons and positrons. Each of these radiations has characteristic 
effects, but all are toxic to living tissue and produce the unique danger 


*Assistant Professor of Sanitary Chemistry, Harvard University, Cambridge, Mass. 
+Department of Sanitary Engineering, Graduate School of Engineering, Harvard University, Cam- 
bridge, Mass. 
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CONTAMINATION BY RADIOACTIVE SUBSTANCES. 


involved in handling radioactive materials. The toxic effects may be 
produced in two ways: (1) by means of general body radiation or 
direct exposure to harmful concentrations of the radiations, the effects 
in this case being proportional to the intensity of the radiation and 
relatively independent of the element which is disintegrating; and 
(2) by means of absorption of radioactive substances into the body 
cells or fluids, where they later decompose, giving off the radiations 
which exert the destructive effects. In this latter case the toxicity 
of the material depends very greatly upon the extent to which the 
particular radioactive element is absorbed by the body, as well as 
upon the intensity of its radiation when it decomposes. 

General body radiation produces its toxic results in two princi- 
pal ways: the gamma rays of the radiation may destroy the body 
cells—the white blood cells and the blood-forming tissues are most 
sensitive—or, in those special cases in which neutrons are present 
in the radiation—for example, the radiation from an atomic energy 
pile or an atomic bomb burst—the neutrons may undergo radiative 
capture by the atoms in the body, releasing secondary gamma rays, 
which then destroy the tissues, and possibly forming radioactive 
species from the body elements at the same time. Because of their 
low penetrating power, alpha and beta rays are generally absorbed by 
the skin and do not exhibit the same degree of toxicity on external 
exposure as the gamma rays. However, beta rays in particular may 
cause very bad surface radiation injury. It has been estimated that, if 
a major portion of the body is exposed, general radiation equal to 400- 
600 roentgens* is sufficient to cause death, while 50 roentgens or less 
will cause permanent injury. These figures are for very short periods 
of exposure. For persons exposed continuously to radioactive ma- 
terials during working hours, the tolerance limit, or total daily dose 
which one person can receive, has been set at 0.1 roentgen.* 

In considering the effects of the absorption of radioisotopes by 
the body, the elements can be divided into several categories: 

(1) Those elements which do not ordinarily occur as a part 
of the body and which are not absorbed from the lungs or digestive 


*The roentgen is defined as that quantity of gamma radiation which, falling on dry air under 
standard conditions, produces one electrostatic unit of ion pairs per ml. One may calculate, for example, 
that about 10° gram atoms of radioactive sodium 24 would be sufficient to yield the tolerance limit 
of 0.1 roentgen in 8 hours at a distance of 1 meter. 
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J. CARRELL MORRIS AND JEANNE B. CARRITT. 


tract. These elements would be expected to have little effect other 
than that attributable to general radiation effects. Such elements as 
aluminum and silicon would fall in this category. 

(2) Those elements which occur in the body but only in the 
fluids,«so that they are excreted rapidly. While the materials in this 
category might be expected to have a somewhat greater toxicity than 
those in the first group, a highly cumulative effect should not be ob- 
served, because of the rapid elimination of the material from the 
body. Such elements as sodium and chlorine would be expected to 
fall in this group. 

(3) Those elements which occur as a part of the body tissues, 
particularly those occurring as a part of the bones or marrow. Since 
these elements may be built into the body structure to be retained 
at a site where their decomposition will be very destructive, radio- 
elements of this type can be expected to be very toxic and to show a 
highly cumulative toxicity. This group would include such elements 
as calcium and phosphorus, which are vital constituents of the bone 
marrow. The cumulative toxic effect of these elements is affected 
somewhat by the fact that most of their radioisotopes have relatively 
short half-lives, so that after a few weeks most of the radioactive 
material has decomposed. For example, P**, the isotope of the ele- 
ment phosphorus with an atomic weight of 32, has a half-life of 
14.3 days. 

(4) Elements which, while not normally constituents of the body, 
are absorbed by it or can replace the uswal elements of the body 
structure. Lead is a good example of this type of element and many 
of the other heavy elements exhibit similar behavior. Because these 
elements remain for a long time in the body and often have very long 
half-lives, their toxic effects are highly cumulative. Plutonium, for 
example, may be absorbed through both the lungs and, less readily, 
the digestive tract and deposited in the inner and outer membranes 
which cover the long bones. Since it is excreted slowly and has a 
half-life of 24,000 years, it continues to exert a toxic effect as long 
as it remains in the body. The total tolerance level for plutonium 
in the body has been estimated to be one microgram. 
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CONTAMINATION BY RADIOACTIVE SUBSTANCES. 


MEANS OF CONTAMINATION OF WATER SUPPLIES 


Contamination of water supplies by radioactive materials under 
normal peacetime conditions can occur in two ways: through the in- 
duced activation, by means of neutron absorption, of cooling water 
which is run through piles used in the production of atomic enérgy or 
of radioisotopes, or through the disposal of waste radioactive ma- 
terials into water. Other possibilities, which would occur only under 
wartime conditions, are that the water may be contaminated as the 
result of atomic bomb bursts or that radioactive materials may be 
introduced deliberately into water supplies as a form of sabotage. 


A. Induced Radioactivity. Up to the present time the greatest 
problem of induced radioactivity in cooling water has been in con- 
nection with the piles for the production of plutonium at 
Hanford, Wash. In this plant advantage was taken of the 
fact that hydrogen and oxygen, the elements of water, are both 
very poor neutron absorbers and form only very short-lived 
radioisotopes when absorption occurs. The raw water was first 
treated, to remove from it dissolved or suspended materials con- 
taining elements which had a high capacity for neutron absorption 
or which formed dangerously long-lived radioisotopes. Then the exit 
cooling water was stored in large concrete retention tanks for a 
few days, until the radioisotopes of hydrogen and oxygen which had 
been produced had almost completely disintegrated and the water 
was sufficiently low in activity to permit its disposal into the Columbia 
River. However, one point which might be brought out here is that, 
although this proved to be a satisfactory solution for a single plant, 
the cumulative effect of the operation of several plants on one water 
supply might raise the radiation level of the river to a dangerous 
point. 


B. Radioactive Chemical Wastes. With radioactive chemical 
wastes the disposal methods used so far have been rather similar. 
At Oak Ridge, for example, the wastes in water solution were dis- 
charged from specially designed sinks into large subterranean storage 
tanks, the required holding period in this case being much longer, 
because of the greater variety and concentration of the radioactive 
materials. Disposal of wastes other than those in water has generally 
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been accomplished by burial deep in the ground or by dumping at sea. 
Such disposal methods must be resorted to ultimately for all radio- 
active wastes, for there is no known way of changing significantly 
the rate o radioactive decompositions. 

C. Atomic Bomb Explosions. An atomic bomb explosion yields, 
in addition to high-intensity neutron radiation and the other radio- 
active radiations, large quantities of radioisotopes of the elements 
located in the middle of the periodic table (selenium to lanthanum )— 
the so-called fission products. Some of these radioisotopes are fairly 
long-lived and several of them are absorbed by the body, so that 
they might cause serious contamination of water supplies in the 
vicinity. In the case of an air burst, such as that at Hireshima, most 
of the fission products are carried far upward at the instant of the 
explosion and are dispersed over a sufficiently wide area so that 
they are not likely to be a source of major water contamination. 
This may vary considerably, however, depending upon geography 
and climatic conditions. For example, an analysis of soil samples 
in the immediate vicinity of the ground center at Hiroshima showed 
that the fission products averaged less than 1% of a tolerance dose, 
whereas at Nagasaki, where there was a moderately strong west wind 
blowing and a light rain falling, much higher concentrations than 
this were found about two miles from the ground center. It was sus- 
pected that at Nagasaki some persons were affected by constant ex- 
posure to the fission products. 

Although very little information has been released on the extent 
and intensity of this type of damage which was caused by the under- 
water explosion at Bikini, it seems logical to conclude that the effects 
would be much more intensified than with air bursts. In this case the 
force of the explosion raises into the air a great volume of water 
containing the radioactive material, which in an air burst is rendered 
harmless by wide dispersal at a great height. This very “hot” water, 
in settling to the earth, would make that land or area on which it 
dropped uninhabitable for a long time. 

A much more likely source of contamination of water supplies 
from atomic bomb explosions is the production of induced radioac- 
tivity in the water by the action of the neutrons released in the 
explosion. This induced radioactivity would be similar to that pro- 
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duced in the Hanford cooling water, except that a more persistent 
activity, resulting from radioactivation of the greater amounts of 
dissolved or suspended materials in untreated water, would be ‘ex- 
pected to be produced. Some elements of particular interest in this 
respect are: iron, which readily absorbs neutrons and has a ra- 
dioisotope with a half-life of about 47 days; calcium, with an isotope 
of 180 days’ half-life; sulfur, with an isotope of 88 days’ half-life, and 
sodium, with an isotope of 3 years’ half-life. 


D. Deliberate Introduction of Radioactive Substances. The 
placing of radioactive substances in a reservoir to “poison” the water 
supply of a city is a possible method of sabotage. Since this method 
has never been tested, the following statements are purely speculative. 


The choice of contaminant would depend on the following major 
factors: 


(1) The half-life of the element used must be long enough so that it 
can be processed, be delivered, pass through the reservoir and supply sys- 


tem, enter the body of the consumer and do its damage before appreciable 
decay has taken place. 
(2) Its chemical nature must be such that it will stay in solution under 
conditions found in the reservoir and the other units of the water works. 
(3) The total weight of the material (radio-material and shielding) 
must be small enough to be conveniently transported. In this connection 


an alpha emitter would reduce the amount of shielding necessary to protect 
the saboteur. 


(4) Biologically, the radio-substance should be highly toxic and readily 
absorbable by the body. 


Of the readily available alpha emitters—uranium, plutonium and 
thorium—the most toxic appears to be plutonium. This radioele- 
ment has a half-life of 2.4 < 10* years and a tolerance limit in the 
body of 1 microgram; it is available and its chemistry is known. 
Present knowledge indicates that the chief mode of entrance of plu- 
tonium into the body is through the lungs; approximately 1% is 
absorbed in the digestive tract; there is probably no absorption 
through the skin. 


In order to provide a lethal dose of 1,000 micrograms* of plu- 
tonium for every person in a city of 500,000, 500 grams of plutonium 


*Of this amount, 10 micrograms would be absorbed. 
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would have to be provided. If an individual is assumed to ingest 
one out of 100 gal of water daily, 50 kilograms of Pu would have to 
be introduced into the water supply even if there were no storage of 
the water. It is seen that the amount of Pu that would have to be 
added to a reservoir to do any damage in a short period of time is 
very great. It would appear to be simpler to drop a bomb. 


PossIBLE METHODS OF REMOVAL OF RADIOACTIVE CONTAMINATION 
FROM WATER 


It has already been indicated that one practical method for 
handling water contaminated by radioactive material is to store it 
until the activity has dropped below the dangerous level. This 
method, the one being used at Hanford, is applicable only if the 
activity is due to short-lived radioelements. In order to insure this 
latter condition with cooling waters being used for industrial piles, 
the water should first be treated to remove those elements which may 
form long-lived radio-products. The most feasible method of pre- 
liminary treatment would seem to be an ion-exchange treatment, to 
remove all dissolved ions, together with filtration to remove sus- 
pended matter, and deaeration to remove carbon dioxide. To mini- 
mize treatment costs, the most efficient scheme might be to recirculate 
the water after storage had reduced its activity, rather than to dis- 
charge it to waste. This would also avoid any contamination of the 
water supply. 

The ion-exchange technique might also be used to remove radio- 
contamination from the waste water or from chemical wastes, since 
zeolites and ion-exchange resins will function for concentrations as 
low as 10-'* molar. This method should work with any ions but 
would fail with radioactive hydrogen and oxygen of the water itself 
or with dissolved gases, such as carbon dioxide, containing radio- 
active atoms. From a purely speculative viewpoint, the ion-exchange 
procedure would also seem to be the best available technique for the 
removal of fission products from contaminated waters. 

If the radioactivity of the water is known to be caused by certain 
specific elements, then the activity can be largely removed by the so- 
called “carrier” technique. This consists of adding to the water a 
considerable amount of the naturally occurring non-radioactive form 
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of the element or elements causing the activity and then precipitating 
out the radioactive isotope along with the added element. For ex- 
ample, if radioactive ferric iron were present, one would add several 
ppm of ordinary ferric iron and then precipitate the whole as ferric 
hydroxide. The per cent reduction by this method is determined 
by the ratio of the solubility of the precipitated ion to the amount of 
non-radioactive ion added. 

Finally, it may be possible in certain circumstances to remove a 
large percentage of the radioactive substances by modifications of the 
normal coagulation process. Since many ions are rather highly ad- 
sorbed on, or co-precipitated with, aluminum hydroxide, the forma- 
tion of a floc of Al(OH), and its removal by filtration might carry 
down at the same time considerable amounts of dissolved radioactive 
elements. This would probably be a rather selective effect, however, 
and considerable experimentation would be needed to establish its 
value for various radioactive substances. 

With any of the last three possibilities, one is left with a highly 
radioactive material which must be disposed of. In the first of these 
it is a highly active zeolite or resin bed; in the other two 
it is a highly active sludge. The zeolite or resin bed could be re- 
generated by normal methods, the activity being transferred to the 
regenerating solution, which would then have to be buried or dis- 
persed in some fashion. The same burial or dispersing procedure 
would probably have to be used with the active sludges. 

While all of these treatment methods except the first one are in 
the realm of pure speculation, they do at least indicate that the treat- 
ment of radioactive contamination of water supplies is not an in- 
superable one for the sanitary engineer. It can be seen that, if the 
same degree of ingenuity is applied to this problem as has served to 
solve so many sanitary questions in the past, then usable and efficient 
solutions to it certainly can be found. 
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DIscussION 


ARTHUR L. SHAw (Boston, Mass.). I thank you, Dr. Morris, 
for a very fascinating, factual and speculative paper. 

WILLIAM W. BrusH (New York, N. Y.). Is there any reason 
to assume that our present water supplies have radioactive material 
in them that requires consideration? 

J. CARRELL Morris. All waters contain very, very slight amounts 
of radioactivity but the amounts are extremely small. Even in the 
so-called radioactive springs, which were sometimes bottled as bene- 
ficial mineral waters, the radioactivity was so slight that it had 
absolutely no effect. 
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ECONOMICS OF REHABILITATION OF 3-INCH TO 24-INCH 
WATER MAINS 


BY ALFRED B. ANDERSON* 


[Read September 17, 1947.) 


THE loss of carrying capacity in water mains has been the sub- 
ject of study for a number of years. Numerous articles have been 
written on the subject, pointing out the advisability of knowing the 
condition of one’s water system. Other publications have covered 
thoroughly the increased cost of pumping water through a tuberculated 
system, showing the increase in cost as related to the decrease in the 
coefficient. 

Verification can be found in professional reports to substantiate 
a loss of 64-66% of the carrying capacity of the more common sizes 
of pipe in a period of 30 years, due mainly to tuberculation. 

There is an ever-increasing number of pipe lines rapidly ap- 
proaching a condition of serious inadequacy, because of a lack of 
hydraulic capacity after a number of years of normal operation. Cer- 
tain types of water treatment are contributing factors in this acceler- 
ated rate of capacity loss. 

When one considers that two-thirds of the cost of a water system 
is in the distribution of the water and that 80% of this value is repre- 
sented in the mains and valves, is it not reasonable to assume that this 
particular section of the system is entitled to a reasonable expenditure 
for maintenance? Most water utilities have funds set aside each year 
for the maintenance of buildings, filters, pumps, regulating valves, 
etc., but when it comes to the distribution system, the money set aside 
is for expansion and replacement. 

In the design and financing of pipe-lines the accepted practice 
has been to consider as a base the thirty-year period. Early data 
indicated a capacity loss of 30-35% as an average for this period. 
More recent data tend to raise this percentage to 50-80% in small 
lines in many instances. 


*Chief Engineer, Water and Sewage Division. Pittsburgh Pipe Cleaner Co., Pittsburgh, Pa. 
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This obsolescence in the distribution system is seldom recognized 
under ordinary conditions. It comes as quite a shock to the water 
superintendent, when the Board of Fire Underwriters conducts flow 
tests on the system and finds it decidedly under capacity, or—an 
even more serious matter—when a fire occurs in a congested neigh- 
borhood, resulting in the loss of several buildings. 

Such a fire was recently experienced by a community not too far 
from New York City. When the system was installed about 1903, 
ample pressure and volume were provided to take care of all domestic 
needs as well as the requirements for fire fighting. At that time, 
according to the narrator of the story, there was sufficient pressure 
to tear the shingles off the buildings. Some years later a fire pumper 
was purchased, because sufficient pressure from the fire hydrants was 
lacking. During this past year, four buildings were burned to the 
ground, due to a lack of water to fight the fire, despite the fact that 
the standpipe was filled at the time. Needless to say, a pipe-line 
rehabilitation program is under way for this community. When this 
program is completed, it can be conservatively stated that the capacity 
of this system will be better than 95% of its original capacity and 
the cost to the community will be about one-tenth of the cost of re- 
placement. 

Inasmuch as recent data indicate a loss in carrying capacity 
for small mains of 50-85%, let us assume an average of 60%. In 
this case, the loss in carrying capacity per year is approximately 
1.5%. The cost of rehabilitation for the same period would be 
approximately 4% per year. 

If a fixed amount of money could be set aside each year for 
the rehabilitation of the distribution system, it could be carried as 
an asset for the company or department. This may be considered 
as prepaid insurance against loss of carrying capacity, making funds 
available when rehabilitation is required. Furthermore, since the 
life-expectancy of cast-iron pipe is constantly increasing, it seems 
only reasonable to state that the value of the pipe in the system will 
be restored—if not fully, then to nearly the original value—and this 
restoration in turn increases the assets of the water company. 

One way of approaching the problem of pipe-line rehabilitation 
for sizes from 3 in. to 24 in. is the Pittsburgh-Eric process. This 


» 


12 REHAPILITATION OF 3-INCH TO 24-INCH MAINS. 


method was originated, developed and perfected by the Eric Engineer- 
ing Co. of England some fifteen years ago and has been commercially 
successful for the past ten years. During this time 2,500,000 ft of 
water mains have been rehabilitated by this company. 

About a year ago the Pittsburgh Pipe Cleaner Co. obtained the pat- 
ent rights for this method of processing water mains in this country and 
Canada. The reception and interest shown by the water-works pro- 
fession have been most gratifying and a number of reconditioning 
programs are under way. 

The economy of this process can best be explained by the follow- 
ing facts affecting the cost: 

1. Maximum lengths of pipe that can be coated are as long 
as 1,000 ft and, under some conditions, this length may be extended. 

2. A line is out of service for short periods only. 

3. Corporation taps, cross connections and other fittings are 
not dug up nor exposed. The LECTUMEN is flushed out after coating. 

4. Pipe is immediately available for use after coating process 
is completed. A few minutes’ flushing is required before restoring 
pipe to service. 

5. The method is virtually fool-proof. No possibility exists 
whereby a main can be blocked. Thus, mains can be rehabilitated in 
congested areas with confidence. 

6. In reconditioning transmission mains which must be kept in 
operation, temporary lines are laid. 

7. The electrolyte is an emulsion of bitumen and does not re- 
quire a dry pipe. 

8. The process deposits a smooth, even coating of bitumen over 
the entire pipe interior, which will retain its high carrying capacity 
for many years. 

9. Coating does not materially reduce the cross-sectional area 
of the pipe. 

10. Coating imparts no taste or odor to the water and is non- 
injurious. ' : 

Briefly described, the Pittsburgh-Eric process is an electrolytic 
method for depositing an especially prepared bitumen compound in 
aqueous solution on the pipe interior. In principle, the process is 
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similar to well-known copper- or silver-plating electrolytic methods, 
with minor exceptions. 

In the electrical hook-up, cables from the generating unit are 
connected to the pipe—anode—and to the cathode. which is drawn 
through the main. By inserting the cathode in the electrolyte, con- 
tained in the pipe, and completing the electrical circuit, the coating be- 
gins at once. Molecules of bitumen are uniformly deposited on all me- 
tallic surfaces within the area set up between the cathode and anode. 
Coating is completed when a sufficient thickness of bitumen is de- 
posited to prevent the passage of current within the field. 

While this explanation illustrates the principle involved when 
the cathode is stationary, the continuous coating operation varies 
somewhat in actual practice. The same principles are involved and 
the process is instantly controlled from the instrument board. The 
ammeter and voltage readings constantly reveal to the operator the 
exact condition of the processing. 

The forward movement of the cathode is predetermined and its 
speed is based on the size of the pipe plus other calculable factors. 
Any variables are communicated to the operator by instrument board 
and adjustments are made to compensate for changes. The speed of 
travel of the cathode depends on operating conditions and ranges from 
2 to 6 ft per min, depending on the size of pipe. 

As previously stated, the coating is positive. All metallic areas 
and even lightly coated sections of old non-mineral coatings in the 
pipe interior are completely covered with bitumen. Areas which are 
not completely clean will not hold a coating, even if deposition occurs, 
if such sections contain mineral deposits. 

It is imperative, therefore, that the pipe be clean. A completely 
new type of tool is used. This unit employs a sectional cleaning 
design, whereby the removal of deposits is positive and definite. 
Plows, scrapers and brushes under high pressure break away the de- 
posit, dig out the pits and brush the entire interior in one operation. 
The design of equipment permits “on-the-job” adjustments to com- 
pensate for changing conditions. 

The engineering problems involved in reconditioning work are 
relatively simple. After the extent of the work is determined, the 
openings are indicated on drawings, after due consideration of supply 
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problems. These locations are later marked in the field and a sched- 
ule of work is developed. From this information, the consumer can 
be notified as to when he will be without water and the fire department 
likewise advised of the date and location of work. The operation of 
supply valves and exposing the pipe are normally part of the engineer- 
ing considerations. 

The equipment required in the cleaning and processing operation 
consists of electrical generating equipment, pipe cleaners, pumps, cut- 
ting equipment, tanks and incidental accessories. 

A section of the main is opened at each end by removing a short 
length of pipe. After cleaning, the cathode is pulled to the extreme 
end of the line, while the pipe itself is joined to the electrical circuit 
forming the anode. Each end of the section is capped with a fitting, 
which holds a short length of pipe that extends at an angle to the 
street level. The electrolyte is pumped into the line until it is com- 
pletely filled. With this preliminary work completed, the current is 
turned on and the process begins. 

In addition to the electric supply cable, a wire-pulling rope is 
attached to the cathode. These terminate in separate winches, which 
are located on the chassis of the generating unit. The cables are 
reeled on the drums of the winch, either automatically or manually, 
at a given rate of speed. Under normal operation, coating is continu- 
ous until completion, or the moment the cathode has traversed the 
entire length of the pipe. The electrolyte is then pumped from the 
system and the section is flushed with water for a few minutes, be- 
fore being placed in service. 

The coating is tough—approximately the thickness of a good tar- 
dipped coating—and will not crack. It adheres tenaciously to the 
pipe wall, where it has been evenly and smoothly deposited—even 
to the ends of the joints. 

In the light of cold facts, reconditioning by the Pittsburgh-Eric 
process is sound. Any size of main in the range mentioned can be 
cleaned and restored to full carrying capacity. Coating protects the 
interior surface, increasing the useful span of life. From an operating 
viewpoint, money available for replacement can largely be diverted 
to expansion or other improvements. 


4 
4 

3 

a 

i 
= 


ALFRED B, ANDERSON. 


DIscussION 


Percy A. SHaw (Manchester, N. H.). Is it necessary to pump 
some water into each of the services, to clean out the ends of the 
service pipes? 

ALFRED B. ANDERSON. No, sir. As far as the service con- 
nections are concerned, the general practice is to close the valve at 
the curb, the curb cock, if you will. As your LECTUMEN is put 
into the pipe, there is a certain amount of air entrapped in the 
service itself. 

RicHarpD H. Eis (Boston, Mass.). I think this is a very in- 
teresting process which he has described. I think it might add 
appreciably to the discussion if Mr. Anderson could give us some 
information as to the length of time in which this coating might be 
expected to be effective. That is based, of course, on the English 
experience. We have to appreciate that the experience in this country 
has been very limited to date. 

Mr. ANDERSON. We know that the coating will stand up for ten 
years and that is as old as the operation. We had a small piece taken 
at random out of a system, that had been coated ten years previously. 
There were two little tuberculations, probably the size of your small 
fingernail, on 18 in. of pipe after ten years. 

Mr. Et.is. I personally saw that piece of pipe and was rather 
impressed. 

Mr. ANDERSON. After that ten-year period, your guess is as 
good as ours. We felt that the coating was in fair condition at that 
time and should be good for another ten years at least. 

Mr. Ettis. Have any tests been made to determine the coeffi- 
cient in existing lines, that you know of? 

Mr. ANDERSON. I don’t know of tests in England but we had a 
test here the other day from the Philadelphia Suburban Water Co. 
We did a job down there for them on a 6-inch pipe whose coefficient 
was, before cleaning, 49, and after it was completed the coefficient 
was 128. 

Mr. Etiis. My point was more a comparative test over a period 
of 8 or 10 years. 

Mr. ANDERSON. We have no figures on that, I am sorry to say. 
We hope to get them. 
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E,. SHERMAN CHASE (Boston, Mass.). What would the approxi- 
mate cost run per linear foot of the various sizes? 

Mr. ANDERSON. The 4-, 6- and 8-inch pipe will be under 
a dollar. We do not like to quote actual prices, until we know just 
exactly what we are going to be required to do but, for the 4-, 6- and 
8-inch we generally come under a dollar. The 4-inch pipe, in- 
cluding the municipality’s cost, would not run much over 75 or 80 
cents. That is the total cost, municipal and the contract. Of course 
that will vary, too, if you have paved streets as compared to dirt 
streets. There is quite a difference of cost with the pavement. 

ARTHUR L. SHAw (Boston, Mass.). Does the deposit of bitumen 
on the bronze seats of gates and on bronze gate stems and threads 
cause any difficulty? 

Mr. ANDERSON. We cannot coat the threads nor the bronze on 
those, and hence we have not been able to determine that there was 
any difficulty. It seems that there is a polished surface and the 
polished surface does not take a coating. 

A MemBErR. Does the iron have to be thoroughly cleaned before 
the coating is applied? . 

Mr. ANDERSON. Yes, it definitely must be clean. There has 
been a slight change in the thought regarding cleaning, since we have 
been in this business. Previously, the idea of cleaning the main 
was to take the tubercles out of the pipe and leave the old coating in 
place as much as possible. I have even heard of companies which 
have attempted to put a rubber bearing-surface on scrapers, so that 
the old coating would not be disturbed. In this case, you have to 
take the tubercles out—you have to dig out the pits—and in so doing 
we do take off practically all the old coating. 

We had an interesting job in Baltimore not too long ago on a 
12-inch salt-water line, which contained probably 112-2 in. of tuber- 
culation. We had to clean that line seven times before we got down 
to the original metal. The coating will not stick on pipe that has 
been through the process of graphitization. 

WiLiiam W. Brusu (New York, N. Y.). In regard to the 
graphitization of the pipe and the adherence of the bitumen in the 
Eric process to a graphitized surface—the pipe which was brought 
over from England, which I personally examined, showed the entire 
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surface was graphitized before the Eric process was applied. That 
pipe had been used for ten years and apparently showed, as Mr. 
Anderson and Mr. Ellis said, no attack during that ten-year period. 
But there was definitely graphitization of the entire surface of the 
interior of the pipe. 

I ask the question, therefore, in regard to this salt-water pipe, 
if the graphitized iron was removed down to the original iron that had 
not been graphitized. 

Mr. ANDERSON. The answer to that, Mr. Brush, is that this 
salt water had gone so far that the surface of the pipe was just like 
so much putty. You could scrape it with your fingernail. We had 
to get down to the hard metal. We had to dig off that 4-3 in. of 
soft putty material. We did not actually get to the bottom of the 
effect of the graphitization. There is also a layer on the inside of 
graphitization that showed on the English pipe. We could go down 
approximately to the top of the metal shown on the English pipe and 
there was still a little discoloration under the graphitization, after we 
had taken it off. 

A MemBer. Was that bitumen coal-tar or asphalt? 

Mr. ANDERSON. Asphalt. 
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RELEASES FROM QUABBIN RESERVOIR USED TO 
DEVELOP POWER 


BY CHESTER J. GINDER* 


[Read September 18, 1947.) 


THE construction and operation of a power plant, named the 
Winsor Station, at the Quabbin Reservoir of the Boston Metropolitan 
Water District is of interest, I believe, inasmuch as the reservoir was 
constructed for water-supply purposes and the power ,is to be de- 
veloped from releases to the Swift River, which are required by the 
War Department and Massachusetts legislation. 

The District is authorized by Massachusetts legislation to take 
from the Swift River (on an area of 186.0sq mi) the entire flow, except 
that a sufficient quantity must be released from the reservoir to insure 
the maintenance of a flow of 20 mgd into the mill-pond at Bondsville, 
located about 5 miles downstream from Winsor Dam. This means 
that, regardless of what the natural flow of the river may be, there 
must be discharged each day from the reservoir at Winsor Dam a 
flow of 20 mgd less the yield of the small intermediate drainage area 
of about 8 sq mi above Bondsville and below Winsor Dam. 

The District is authorized by Massachusetts legislation to take 
from the Ware River at Coldbrook only the flood flows in excess of 
85 mgd—that is, on any day when the natural flow from the 96.8 
sq mi does not exceed this rate no diversion can be made. Further- 
more, this diversion cannot be made in the dry months between June 
1 and December 1, except with the permission of the State Depart- 
ment of Public Health. 

In addition to these restrictions placed upon diversion by Massa- 
chusetts legislation, the War Department, in the interest of naviga- 
tion on the Connecticut River, does not permit any diversion to 
be made from the Ware River between June 15 and October 15 and 
requires under certain conditions of drought a release of additional 
water from Quabbin Reservoir. 


*Senior Civil Engineer, Construction Division, Metropolitan District C 
Boston 8, Mass. 
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The present water-supply demand of the District is less than 
the safe yield of the Quabbin Reservoir and for some years the re- 
leases to the Swift River will be in excess of the 20-mgd minimum. 
As these releases are to be used for the generation of power, the 
station will be amply supplied for a considerable time to come. 

The development of the Quabbin Reservoir as an extension to 
the water supply of the Boston Metropolitan District has been de- 
scribed in detail in numerous articles and papers and only a brief 
description and reference to its location will be given here. 

The Quabbin Reservoir, the latest extension to the District’s sup- 
ply, is located in the valley of the Swift River, a tributary of the Con- 
necticut River, 66 miles west of the State House, and has a natural, 
tributary drainage area of 186.0 sq mi. The reservoir, created by 
two large earth dams, is 18 miles long and has an area of 38.6 sq mi 
and a storage volume of 415 billion gallons. The construction of 
the reservoir as part of the extensions recently built by the Metro- 
politan District Water Supply Commission—now the Construction 
Division of the Metropolitan District Commission—was authorized 
by Chapter 375 of the Acts of 1926 and by Chapter 321 of the 
Acts of 1927. The project also included the construction of a tunnel 
about 24 miles long from Quabbin Reservoir to Wachusett Reservoir 
and the construction of a diversion dam and an intake structure on 
the Ware River, where it passes over the tunnel at about its mid- 
point. On the Ware River, which is also a tributary of the Connecti- 
cut River, construction included provision for passing the flood flows 
of the Ware River through a shaft about 260 ft deep into the tunnel 
and thence into either the Quabbin Reservoir to the west or the 
Wachusett Reservoir to the east, as operation of the system requires. 
The upper portion of the Ware River, 96.8 sq mi, is therefore made 
tributary to Quabbin Reservoir by this connection. 

The safe yield of the natural drainage area, together with the 
area made tributary to it by diversion, amounts to 195 mgd and the 
415-billion-gallon capacity of Quabbin Reservoir is very large in 
proportion to these areas. The extra large storage capacity was 
provided, first, to continue the policy of the District in relying 
principally on long-term storage for quality and, secondly, to antici- 
pate diversions from additional watersheds in the future, although 
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there is no present authorization for any such additional development. 

During 1946 the 20 cities and towns which are members of the 
Metropolitan Water District, of which 18 take their entire supply 
from District sources, consumed an average of about 178 mgd. 
Quabbin Reservoir, therefore, could supply the present needs of 
the District without assistance from the other sources of the system. 


PowER PLANT 


The power plant is located in an outlet structure, about 800 
ft downstream from the center line of the Winsor Dam, on the 
westerly side of the Swift River. The releases from the reservoir 
reach the outlet structure through two conduits, about 900 ft in 
length, built into a by-pass tunnel, which was used for river diversion 
during construction of the dam. One is a 48-in. steel-plate pipe with 
mortar lining, which was built in an enlargement in the by-pass tunnel 
section and entirely encased in the tunnel lining. The other is a 
68-in. steel-plate, motar-lined pipe, enclosed in a concrete envelope 
and placed in the by-pass tunnel, after the need for by-passing the 
river around the dam had ceased and after the tunnel had been 
plugged at the upstream end. The tunnel, which is about 1,300 ft 
long, pierces the rock which forms the west abutment of the dam. 
Near the point where the by-pass tunnel passes under the center 
line of the dam, a shaft was built to the surface and in the wells 
of this shaft are located valves, operated in the intake-works struc- 
ture above, which will permit the control of the flows to be released 
from the reservoir through both the 48-in. and 68-in. lines. 

The outlet structure which houses the power plant, shown in 
Figure 1, is located on the downstream end of the by-pass tunnel and 
valves on the 48-in. and 68-in. lines in the outlet structure also per- 
mit the control of releases from the reservoir at this point. The 
48-in. and 68-in. pipe-lines through the by-pass tunnel therefore con- 
stitute the penstock for the power plant. The 48-in. line was used 
to release water down the river during the time the reservoir was 
filling, whereas the 68-in. line, which will serve communities down- 
stream from the dam with domestic water, if and when proposed 
plans are carried into effect, has not been used to any extent. 

Water-supply purposes required cross-connections between the 
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68-in. conduit and the 48-in. conduit, so that the outle: structuie 
contains a rather complicated arrangement of large piping, hardly 
suited to best advantage for power-plant purposes and with only a 
minimum of space available for the waterwheel and generator. Inas- 
much as the development of power is incidental to the water-supply 
requirements, the losses in the intake and in the penstock piping have 
been given only secondary consideration. 

The flow line of the reservoir is at elevation 530 with respect to 
the zero of Boston City Base and the center-line of the turbine scroll- 
case is at elevation 390.17, a distance of 140 ft below the crest of the 
reservoir spillway. 

The water in Quabbin Reservoir was first impounded in 1936 
and releases down the Swift River through the 48-in. pipe-line began 
at that time. The foundations for the generator and waterwheel had 
been partly built under an earlier contract and the releases were by- 
passed under the location for the waterwheel and into two precast- 
concrete discharge conduits to the channel, downstream from the out- 
let structure, and thence into the Swift River. Each of these conduits 
has Venturi-meter castings built into it for the measurement of the 
releases, the larger Venturi being 60 in. by 33 in. and the smaller 
33 in. by 19 in. The 60-in. conduit now constitutes the tail-race 
for the turbine. The draft tube from the turbine discharges directly 
into this 60-in. conduit and 96 ft farther downstream the flow passes 
through the larger Venturi meter and then, after a short horizontal 
run, discharges vertically through a 90° bend in the bottom of the 
outlet channel. 

Immediately downstream from the point where the draft tube 
enters the 60-in. pipe-line, which forms the tail-race, there is an 
access chamber, built over a 24-in. manhole into the 60-in. pipe. This 
served for inspection purposes in connection with the 60-in. conduit. 
Since the installation of the power plant, the bolted cover on the 
24-in. opening has been removed and, as the hydraulic gradient is 
such that the free water surface stands up in the access chamber 
when the turbine is running, the chamber will act as a surge tank in 
the event of sudden changes in the turbine gate-openings. 

At the time the foundations for the Outlet Works Building 
were built, the lower portion of the draft tube was constructed and 
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capped with a steel-plate cover. When the superstructure was built, 
the floor area to be occupied by the generator was built with remov- 
able checkered plates. These were taken out when the power plant 
was installed; the draft tube was extended and the foundation for the 
waterwheel and generator was constructed up to the level of the 
operating floor. Some revisions and changes in the piping in the 
basement were necessary, to accommodate the waterwheel and appur- 
tenances as furnished by the manufacturer. 


HYDROELECTRIC SERVICE 


The Winsor Station will be the third hydroelectric power plant 
to be operated by the Metropolitan District Commission, the first 
having been built at Wachusett Dam in Clinton and the second at 
Sudbury Dam in Southborough. A fourth is in process of construc- 
tion at Shaft 1 of the Quabbin Aqueduct, where the flow of the 
aqueduct enters Wachusett Reservoir. 

The generation and sale of power as a by-product in connec- 
tion with the operation of the Metropolitan Water Works was pro- 
vided for by legislation in 1895. The Wachusett hydroelectric power 
station was constructed in 1911 and is believed to be the first plant 
where public water supply was utilized in this manner. In 1916 a 
power plant was placed in operation at the dam at Sudbury Reservoir. 
These two power plants are operated on water required for water- 
supply purposes and the same will apply to the future power station 
to be installed at Shaft 1 of Quabbin Aqueduct, whereas the Winsor 
Station on the Swift River operates on waste water from the reservoir, 
discharged to the river below the dam. 


GENERAL DESCRIPTION OF EQUIPMENT 


The waterwheel-equipment installation consists of a single- 
runner, vertical hydraulic turbine, manufactured by the S. Morgan 
Smith Co. and arranged for direct connection to an electric generator. 
The single runner discharges downward into a draft tube and then 
into a 60-in. conduit about 100 ft long, which constitutes the tail-race 
between the power plant and the discharge channel. The gates are 
of the balanced wicket type, operated by an oil-pressure governor, 
working through a torsional gate shaft and linkage, located on the 
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generator floor. The weight of the rotating parts of the turbine and 
the hydraulic thrust on the top of the runner are carried by a thrust 
bearing on the top of the generator. _The manufacturer has guaran- 
teed that, when operating at a speed of 600 rpm, the wheel will supply 


not less than the following power under the net effective heads de- 
signed: 


Head Horsepower 
145 ft 1,680 
125 ft 1,320 


100 ft 


915 


It is expected that efficiencies such as the following will be 
obtained: 


145-ft head 


125-ft head 100-ft head 


Load Hp Eff. Load Hp Eff. Load Hp Eff. 
% % % 

100% 1,860 84.9 100% 1,460 84.8 100% 1,015 83.8 
Best 1,430 87.8 Best 1,210 89.7 Best 930 88.4 
75% 1,395 87.7 75% 1,095 88.5 75% 762 87.0 


50% 930 81.8 50% 730 82.2 50% 508 80.9 


The turbine shaft has one bearing of the babbited type, mounted 
on a crown plate and arranged for oil circulation. 

The runner, made of cast steel, is 26 in. in diameter and was 
cast in one piece. The casing, which is of spiral form, is made of 
cast iron in one piece, without circumferential joints, and has an 
entrance diameter of 36 in. 

The turbine is equipped with a 6,700-foot-pound Woodward 
governor, located on the generator floor and arranged to operate 
the gates by means of a torsional gate shaft. The governor is sup- 
plied with oil at a pressure of 200 Ib per sq in. 

The governor consists of a centrifugal speed element, driven by a 
motor, and is complete with hand control, load-timing device, gate 
indicator, synchronizing attachment and all necessary anti-racing 
mechanism between the gate-operating mechanism and the governor. 
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PRESSURE REGULATOR 


The turbine is also equipped with an 18-in. pressure regulator, 
which is mechanically connected to the gate mechanism of the turbine 
and operated in synchronism with the gates. It closes automatically 
after a load change and the maximum pressure due to full load change 
on the turbine will not exceed 25% above normal. This value is 
based on a two-second governor stroke. The regulator is so de- 
signed that it is impossible for it to close accidentally nor can any 
derangement of the control mechanism cause it to close more rapidly 
than the normal rate of operation. 

The runaway speed at no load and 145-ft head is 1,220 rpm. 
The waterwheel is designed for left-hand rotation and the weights 
given by the manufacturer are 10,000 lb for the scroll case, which is 
the heaviest piece, and 40,000 lb for the total weight. 


GENERATOR 


The generator, shown in Figure 2, was manufactured by the 
Electric Machinery Manufacturing Co., Minneapolis, Minn., and 
is the vertical type, direct-connected to the hydraulic turbine and also 
direct-connected to the exciter and permanent-magnet generator for 
driving the governor flyballs. It has a rating of 1,500 kva, 0.80 
power factor, 2,400 volts, 3-phase, 60 cycles at 600 rpm. 

The permanent-magnet generator is a relatively new device for 
furnishing power for driving the governor flyballs. As it is direct- 
connected to the turbine and generator shaft, and electrically connected 
to the governor-head motor, the latter will start rotating as soon as 
the prime mover starts and in exact synchronism with it. Thus the 
unit is always under governor control. 


OTHER EQUIPMENT 


The waterwheel and appurtenances, together with the generator 
with its protective devices, constitute the more important parts of the 
equipment items at the station. However, the completed installation 
included rather complicated switchgear to handle the energy gen- 
erated, together with an outdoor transformer substation at the rear 
of the outlet-works structure, a remote-control panel at the nearby 
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Fic. 2,—GENERATOR AND GOVERNOR MECHANISM. 
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Administration Building and a 22,000-volt pole transmission line, 
about 570 ft long, running from the substation to the connection 
with the lines of the New England Power Co. The transmission 
line was furnished and erected by the installation contractor but 
all of the principal items, including the turbine, generator, switchgear, 
transformer and substation structure, were purchased by the Com- 
mission and installed under a separate contract. 

The switchgear, shown in Figure 3, was manufactured by the 
General Electric Co., Philadelphia Works, and is the metal-clad type. 
It is in the power-plant structure and provides for fully automatic or 
manual control of the generator and the feeder circuit to the sub- 
station. Further control is provided by means of a panel located in 
the Administration Building, at which point complete remote operation 
of the unit is possible. This remote-control panel is equipped with a 
master switch for starting and stopping the unit, a governor motor con- 
trol switch for varying the load, push-button stations for opening and 
closing two motor-operated valves on the penstock lines, and an alarm 
which operates in the event of a shutdown by reason of some failure, 
as well as indicating lamps which show the position of the circuit- 
breakers on the switchgear in the power plant. Many protective fea- 
tures have been incorporated into the equipment controls, which 
will prevent starting the unit or shut it down tengporarily, in case 
of either mechanical or electrical trouble in any part of the power 
plant. 


SUBSTATION 


The substation, shown in Figure 4, includes an outdoor-type 
transformer, having a rating of 1,500 kva, 3-phase, 60 cycles, 2,400 
to 22,000 volts, with tap changers for varying the voltage output. 
It is oil-insulated and self-cooled, with conservator-type tank. The 
Erie Electric Co., Inc., of Buffalo, N. Y., was the manufacturer. 
Metering is done on the high-voltage side, for which a General 
Electric Co. outdoor metering outfit is provided. One watt-hour 
meter registers power sent out to the New England Power Co. and 
another the power obtained from the New England Power Co., when 
the station is shut down. 
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Fic. 4.—Ovutpoor Susstation. 
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Cost 


The work of installing the power plant has progressed to the 
stage where test runs are being conducted and, although all costs 
for the job have not been determined, the cost will be approximately 
as follows: 


Equipment 
Substation structures, switches and miscellaneous 
Storage battery and charging equipment ...................... 965.00 
Installation 
Furnishing and erecting 22,000-volt transmission line .......... 3,000.C0 
Furnishing and installing conduits, wiring, etc. ............... 15,750.00 


It is estimated that, when engineering and contingency costs are 
fully determined, the total cost for the power plant will amount to 
about $115,000. 


SALE AND PURCHASE OF POWER 


The Commission executed a contract with the New England 
Power Association for the sale and purchase of power at the Winsor 
Station. This contract can be cancelled on six months’ written 
notice by either party and it provides for the purchase by the power 
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company of so-called primary power during “Specified Periods” at 
$0.00625 per kilowatt-hour. Other provisions of the contract include 
the following requirements: 


“The Commission shall so arrange the discharge of water at the station 
that so much as possible of the electricity shall be available during Speci- 
fied Periods, as hereinafter defined, and shall, in so far as possible, deliver 
such electricity to the company during Specified Periods up to the full 
capacity of the station. 

“Specified Periods shall be such periods as the company may specify 
from time to time but shall in any event include not less than seven hours 
of each Saturday. 

“The Commission shall sell and the company shall buy all the 
electricity generated at the Winsor Station with the exception of 
that used in connection with the operation of the station, Winsor Dam, 
the Quabbin Hill Buildings and the Administration Building; provided, 
however, that the Company shall only be obliged to take electricity during 
week-days, excluding Saturdays and legal holidays, and during a period of 
sixteen consecutive hours commencing at 7:00 a.m. of each day and also 
during such Specified Period as shall not fall within such sixteen hours. 

“Although not an obligation it is the intent that the electricity generated 
at the Winsor Station during hours other than those specified above will 
be purchased by the Company if it can be economically absorbed in the 
Company’s system at the price at which it is offered by the Commission from 
time to time. 

“The Commission shall operate the Winsor Station in parallel with the 
Company’s system at such power factor, not less than 80%, and at such 
voltage as the Company may reasonably desire. 

“Whenever the Winsor Station is not in operation the Commission may 
take from the Company such electricity as may be required in connection 
with the operation of said station and the other adjacent water works 
buildings, it being understood that such requirements will aggregate not over 
100 kilowatts. 

“All electricity shall be delivered in the form of three-phase sixty-cycle 
alternating current at a pressure of approximately 22,000 volts at the point 
on the Ware-Belchertown feeder. The pressure shall not vary more than 
10% from said voltage, momentary fluctuations excepted. 

“The Company shall monthly pay the Commission at\the rate of $6.25 
per thousand kilowatt-hours for all electricity delivered during the Specified 
Periods and for electricity purchased during hours other than those in the 
Specified Periods such price as shall be agreed upon by the parties from time 
to time. 


“Prices to be paid for electricity taken shall be subject to review and 
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determination by the Department of Public Utilities of the Commonwealth 
of Massachusetts.” 


In estimating the revenue to be expected from the power plant 
under normal operation, the price for power generated during hours 
other than those in the “Specified Periods’”—-secondary power, so- 
called—has been assumed to be $0.003 per kilowatt-hour. 


WaTER AVAILABLE FOR DEVELOPMENT OF POWER 


For many years the yield of the Quabbin Reservoir system, 
including the Ware River diversions at Coldbrook, will exceed the 
water required from it for water-supply purposes. This excess can 
be drawn in whole or in part through the Quabbin Aqueduct to 
Wachusett Reservoir or it can be discharged into the Swift River. 
If sent to Wachusett, it would, for the most part, eventually find its 
way into the Sudbury River, after passing through a waterwheel to 
be built at Quabbin Aqueduct Outlet Works and existing power plants 
at Wachusett Dam and Sudbury Dam. The combined head of these 
plants amounts to about 260 ft and the power which could be thus 
developed would nearly double that which the same water would 
produce if discharged to the Swift River through the power plant at 
Winsor Dam, which will operate under a head of about 135 ft. 

However, to draw the excess to Wachusett would, in effect, be 
diversion solely for the purpose of developing power, for which there 
appears to be no legal authorization, and the estimates of power to 
be realized in future years, therefore, are based on the assumption 
that water will be drawn from Quabbin to Wachusett only to the 
extent required for water supply, except such waste as may occa- 
sionally occur from Wachusett Reservoir under a reasonable system 
of operation of the two reservoirs in tandem. 

The dams of Quabbin Reservoir are protected by a spillway 
about 400 ft in length at elevation 530, including a depressed section 
30 ft long with a crest at elevation 528, where logs are used to regulate 
the crest height between elevations 528 and 530. It is possible to 
operate so as to provide for very large storage in the upper 2 ft of the 
reservoir, amounting to about 16 billion gallons. 

While such operation will be made with primary consideration 
for flood-water storage, this provision is advantageous to the power- 
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plant operation, in that such storage can be released over long periods 
of time with a minimum waste of water that would otherwise be 
spilled and not available for the generation of power. Through this 
arrangement the periods will be lengthened when the power plant can 
be operated continuously at full capacity. 

An emergency spillway has also been provided at a depressed 
section of the reservoir rim at elevation 536, which would discharge 
to the Swift River, should the water in the reservoir ever reach that 
height. 

Since the station has only recently been put into test operation, 
there are no figures yet available on power developed or on earnings. 
The following data used in the design of the plant show what operating 
results are expected. 

The average yield of the Quabbin Reservoir system, including 
Ware diversions, after allowing for evaporation and unavoidable spill- 
way waste, is taken at 195 mgd or 302 cfs. This amount can be 
drawn continually from Quabbin without depressing the level exces- 
sively at any time. The quantity of water to be drawn from Quabbin 
to Wachusett for water-supply purposes will increase, as the demand 
of the Metropolitan District increases in the future, and the discharge 
to the Swift River will correspondingly decrease. 

Estimates have been made of what these relative amounts may 
be expected to be, based upon the recorded Wachusett yields since 
1928 and upon the assumption that water will be drawn from Quabbin 
to Wachusett, when and as required to maintain Wachusett at eleva- 
tion 390 (five feet below top of spillway), and that the average 
yearly draft from Wachusett from all sources excepting spillway waste 
will be as shown. These estimates follow: 


WATER AVAILABLE FOR PoweR—AveRAGE MGD 
1947 1951 1958 


Draft from Wachusett 180 200 240 
Yield from Quabbin system 195 195 195 
Draft, Quabbin to Wachusett 58 75 112 
Balance to be discharged to Swift 

River and available for power 137 120 83 


Hh 
: 1968 
280 
195 
1 151 
44 | 
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The hydroelectric unit will normally operate under about 135- 
foot head, discharge 124 cfs or 80 mgd, develop about 1,620 horse- 
power and deliver 1,100 kilowatts of salable power. One million 
gallons will produce 330 kwh of salable power. 

The estimated average quantities available for power are, as 
previously shown: 


1947 137 mgd 
1951 
1958 33. 


1968 44 “ 


Since the wheel is rated at 80 mgd, it is evident that there will 
be more than enough water to run it continuously, 24 hours a day, 
365 days a year, until about 1958. 

It is estimated that power delivered and probable gross revenue, 
after allowing 5% for unavoidable shutdown and for use of electricity 
by the Commission, will be as follows: 


1948 1951 1958 1968 
Salable power 
Primary power—amillions of kwh 4.48 4.48 4.48 4.48 
Secondary power— “ “ “ 4.68 4.68 4.68 0.59 
Gross revenue 
Primary at $0.00625 per kwh $28,000 $28,000 $28,000 $28,000 
Secondary at $0.003 “ “ 14,000 14,000 14,000 2,000 


$42,000 


Electricity for the Administration Buildings, the Outlet Works 
and the Quabbin Hill Building is still purchased at 2,300 volts from 
the Central Massachusetts Electric Co. This 2,300-volt energy is 
received at the Administration Buildings and is carried through to 
the Outlet Works in an underground cable and thence by under- 
ground cable and overhead line to the Quabbin Hill Building. Trans- 
formers are located at each building for local distribution at those 
points. When the new plant gets into final operation, the contract 
with the Central Massachusetts Electric Co. will be terminated. In 
case of shutdown of the unit, energy will be received from the New 
England Power Co. through the transformers and connections pro- 
vided for delivery of power to the station. 


$42,000  $42.000 $30,000 
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The figures of estimated gross revenue after the station is in 
normal operation may be expected to agree closely with the results 
actually obtained, since, as has been pointed out, there will be more 
than enough water over a period of years to permit operation of the 
plant continuously. 


Cost oF OPERATION 


The estimated cost of the development is shown below. together 
with an estimate of the operating cost and net income during the next 
few years. 

Investment 
Equipment and installation 


Gross income from sale of power 


Fixed charges 


Interest 
Depreciation 


Operation 


Superintendence 
Labor 

Repairs and supplies 
Administration 


16,600 


Estimated net annual income $25,400 


It is expected, therefore, that the station will pay for itself dur- 
ing the next five years, while ample water for power is available, and 
will return a very satisfactory profit even after the water-supply 
demand increases to the point where the releases are reduced. A 
saving of about $3,000 per year, the amount previously spent for 
electricity used at the various buildings at Quabbin Reservoir, will 
also result from the operation of Winsor Station and it is expected 


$2,300 
2,600 
Taxes 3,000 
$1.200 
5,000 
500 
2,000 
$8,700 
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that, as operated and maintained by the Metropolitan District Com- 
mission, it will prove to be a satisfactory phase of the District’s 
varied operations, as the two other power plants in the system have 
been. 
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DISCUSSION 


WILLIAM W. BrusH (New York, N. Y.). I would like to ask 
Mr. Ginder if there is any difficulty in getting the New England 
Power Co. to take the current. Were they anxious to take it or 
was it necessary to develop an interest in taking it? 

CHESTER J. GINDER. I think they were glad to have that extra 
power. The station installation has taken longer than it might at 
other times, because of war conditions, and the power, I guess, was 
welcome. 

Mr. BrusH. I asked that question because in New York, with 
the Ashokan Reservoir, we tried to get the New York Edison Co. 
interested and they said they were only interested in selling power, 
not in buying it. We did, in fact, sell the power locally. 

Mr. GINpDER. They also take the power generated at the other 
two stations in the system. 

ArTHUR L. SHAW (Boston, Mass.). Mr. Ginder, you stated, 1 
believe, that about 1958 you estimated that you might have only 
primary power, as a rule. Is it possible so to regulate your releases 
that they will occur only during the primary hours, or does the provi- 
sion requiring releases to riparian owners downstream require you to 
let them out during the twenty-four hours? 

Mr. GrInvErR. Well, I believe that that can be adjusted pretty 
well to take advantage of the primary-hour period. Of course, we do 
have eight square miles between the dam and the point at Bonds- 
ville where it is measured, which does not contribute a whole lot. 

Mr. SHAW. Do you plan to have attendants at this power sta- 
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tion all the time? You mentioned the fact that automatic devices 
were pretty thoroughly provided, but are you planning to have an 
operator there at all times when the station is running? 

Mr. GINDER. The station is close to the Administration Build- 
ing, where our maintenance force on other work is present at all 
times. I believe that there will not be supervision all the time while 
it is running—not an operator there all the time. 

Mr. SHAW. Your device for giving the alarm will be stationed 
in the Administration Building? 

Mr. GInpeR. Yes, the remote-control panel will have those 
devices on it. 

Mr. BrusH. In case of the breakage of any part of the piping 
in the station or in the chamber where the wheel is located, would 
that immediately result in shutting down the flow or would that have 
to be taken care of by action of one of the operators? 

Mr. GINDER. Of course, the alarm would be sounded and I 
believe it would immediately start to shut down the flow through 
those penstock valves. 


A Memser. Are the figures for the gross revenue, which you 


have estimated, based on your contract relative to your period of 
operation? 

Mr. GInpDER. Yes. The contract for the primary power with 
the New England Power Co. has been executed. The price that we 
receive for the secondary power is not included in the contract or set, 
and the estimated revenue from the secondary power is based on the 
assumption of our being able to get three mills. 
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GROUND-WATER CONDITIONS IN THE VICINITY OF 
MASHAPAUG POND, PROVIDENCE, RHODE ISLAND* 


BY RUSSELL M. JEFFORDS AND WILLIAM B. ALLEN** 


[Read S>ptember 18, 1947.] 


AN investigation of the ground-water resources of Rhode Island 
has been in progress since the fall of 1944 by the Geological Survey, 
U.S. Department of the Interior, in codperation with the Rhode Island 
Industrial Commission. Reports have been issued covering the well 
data and available information on ground-water conditions in Provi- 
dence (references 1, 2, at end of paper), and detailed investigations 
of the geology and ground-water conditions in northeastern Rhode 
Island have been completed (3). Fluctuations in ground-water levels 
throughout the State are being recorded and water-level observations 
were made in 33 wells during 1946. Relatively severe salt-water con- 
tamination problems in Providence are being studied also, and deter- 
minations of chloride are made monthly in three wells, to obtain data 
on possible expansion of the contaminated areas. Local intensive 
investigations were undertaken in other critical areas, such as north- 
central Cranston, Geddard Park in Warwick, Davisville and Exeter, 
to assist in the solution of specific problems of public and industrial 
water supply. These systematic investigations are continuing and 
additional reports will be issued as the studies are completed. 

In order to obtain additional information on the water-bearing 
properties of the unconsolidated sand and gravel in the vicinity of 
Providence, a pumping test was made at wells of the Gorham Manu- 
facturing Co. in the Elmwood district. The data that were obtained 
do not necessarily represent the conditions outside the limits of the 
well field, but the general methods for obtaining quantitative data may 
be useful to engineers, well drillers and others in New England, who 
are concerned with the production of water from wells. 


*Published with the approval of the Director, U. S. Geological Survey, and the Rhode Island Indus- 
trial Commission. 


**U. S. Geological Survey, 1405 Industrial Trust Bldg., Providence. R. I. 
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Recent developments in quantitative studies of ground-water 
reservoirs (4, 5, 6, 7) furnish reliable and relatively rapid methods 
for determining the capacity of aquifers to transmit water and to 
yield water to wells. The hydrologic characters of water-bearing 
formations are expressed generally in terms of the coefficient of 
transmissibility, or discharge per unit normal width per unit hydraulic 
gradient, and the coefficient of storage, or the volume of water that is 
released from storage in a vertical prism of the aquifer of unit cross- 
section under a unit decline of head. The coefficient of transmissi- 
bility of an aquifer is equivalent to the product of the saturated 
thickness and the permeability, and is expressed commonly in gallons 
per day per foot. The coefficient of storage is expressed as a decimal 
fraction. 

Quantitative studies are indispensable to a thorough ground- 
water investigation, inasmuch as reasonably accurate estimates of the 
safe yield of subterranean reservoirs, interference of wells, and other 
important problems are dependent upon a knowledge of these hydrolo- 
gic properties of the aquifer. The interpretation of quantitative 
studies depends importantly, however, upon the character and distri- 
bution of the water-bearing material and on other geologic data. 

Grateful acknowledgment is made to T. W. Goodwin, Chief 
Engineer, and W. Harris, Engineer, of the Gorham Manufacturing 
Co., Providence, for codperation and assistance in obtaining data on 
the wells and for modifying operating procedure so as to facilitate 
the pumping test. Appreciation is expressed, also, to colleagues in 
the Geological Survey who have reviewed this manuscript. 


DESCRIPTION OF THE WELL FIELD 


The Gorham well field is located along the eastern side of 
Mashapaug Pond in southwestern Providence (Fig. 1). The ground- 
water supply of the Gorham Manufacturing Co. is at present ob- 
tained from two drilled wells, Pro. 49 and Pro. 50,' located on a 
narrow peninsula extending northward into the pond (Fig. 2). These 
wells are operated at total capacity, when the plant is active, but the 
rates of withdrawal are reduced considerably at night and during 
week-ends. This water is used for drinking in the plant and for cool- 


'Well numbers are those used in the reports on the Providence area (1 and 2). 
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FIG. |. PLAN OF THE GORHAM WELL FIELD SHOWING 
LOCATION OF WELLS IN THE VICINITY OF 
MASHAPAUG POND, PROVIDENCE, 
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Fic. 2—View Lookinc West, SHOWING THE THREE WELL SHELTERS ALONG THE 
PENINSULA INTO MASHAPAUG Ponp. 


ing; a separate supply from Mashapaug Pond serves the sanitary 
system. 

Well Pro. 50 is a screened 8-inch well, that is 106 ft deep and 
has a maximum yield of about 110 gpm. Well Pro. 49 is a screened 
8-inch well, in which the screen is placed between 100 and 108 ft 
below the surface; the maximum yield averages 250 gpm. Well Pro. 
48 is an unused 8-inch well that is 121 ft deep. These wells were 
installed in 1939 and 1940, to supplant a system of ten 3-inch gang 
wells that were driven in 1894 to an average depth of 120 ft, in the 
area to the south of the present wells. 

The sediments underlying the well field comprise stratified gla- 
cial outwash sand, gravel, and silty clay. Two distinct layers, an 
upper silty gravel and a lower bed of sand, are exposed along the 
hillside a few feet above the level of the wells. The size of the 
component grains and the sorting of these beds are shown in Table 1. 

The relatively few data that are available on the material en- 
countered in the wells at the Gorham well field indicate that fine sand 
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TABLE 1.—MECHANICAL ANALYSIS OF GLACIAL OUTWASH MATERIALS ExXPosEn 
IN THE GORHAM WELL FieLD (RESULTS IN PER CENT BY WEIGHT). 


Medium gravel 
(8.0 to 4.0 mm) 
ery coarse sand 
2.0 to 1.0 mm) 
(1.0 to 0.5 mm) 

Medium sand 

(0.5 to 0.25 mm) 

Fine sand 

(0.25 to 0.125 mm) 

(0.125 to 0.062 mm) 

(less than 0.062 mm) | 


Sample 
| (larger than 8.0 mm) © 


Coarse gravel 

| Fine gravel 

| (4.0 to 2.0 mm) 
Silt and clay 


~ | Coarse sand 


15.81 25.11 


aon 
ao 


| «x oo | Very fine sand 


Silty sand layer exposed a few feet above wells in bank. 
Silty gravel layer exposed immediately above the silty sand in bank. 


and silt layers occur to a depth of about 100 ft. The water-bearing 
material consists of moderately coarse gravels immediately between 
the base of the silty beds and the top of the consolidated Carbonifer- 
ous bedrock formations. Test drilling to the north and south of the 
present wells indicates that silty clay reaches a depth of approxi- 
mately 110 ft and is underlain by about 40 ft of intercalated gravel 
and clay. 

According to the available data, the Gorham well field seems to 
lie along the eastern boundary of a buried valley, that has been traced 
from the Pawtuxet River in Cranston northward under the city of 
Providence. Relatively thick deposits of water-bearing gravel occur 
along the western side of the valley, as in Cranston about 0.7 mile 
west of the Gorham well field. 

The hardness of the water pumped from the 3-inch wells along 
the southern part of the well field was reported as about 90 ppm and 
the chloride as about 18 ppm. The concentration of iron was rela- 
tively low in the 8-inch wells when first drilled, but has increased 
considerably. In 1945 the iron was 3.8 ppm in well Pro. 50 and more 
than 30 ppm in well Pro. 48. 

Observations of water-level fluctuations in the unused well Pro. 
48 have been made by the U. S. Geological Survey since December, 


0.14 1.53 | 3.17 1.30 81.03 
3.80 9.70 1.57 19.20 9.94 
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1944, and a continuous water-level recorder has been maintained on 
the well since June, 1945. Although the water levels vary markedly 
each day in response to variations in pumpage, the graph of the low- 
est weekly level (Fig. 3) indicates that recharge to the water-bearing 
beds is adequate to replace the quantity of water withdrawn during 
recent years. 

PumPING TEsT 


A controlled pumping test was made on March 15, 1947, well 
Pro. 49 being used as the pumped well and well Pro. 48 as the observa- 
tion well. Well Pro. 50 was not in operation during the test and there 
were no openings in the pump on wells Pro. 49 and 50, through 
which water levels could be measured. All wells were shut down for 
about 15 hours preceding the test and the water levels probably 
returned to static level. Well Pro. 49 was pumped at an approximately 
uniform rate of 254 gpm for 90 minutes, and measurements of water 
level in the observation well were made by the wetted-tape method 
at brief intervals during the period of pumping and for 114 minutes 
after the well was shut off, to determine the rate of recovery. Dur- 
ing the pumping period, 78 measurements of water level were made, 
and 51 measurements were made during the subsequent recovery 
(Fig. 4). The temperature of the water was 53° F. throughout the 
test. The water flow during the pumping test is shown in Fig. 6. 


QUANTITATIVE DETERMINATIONS 


An equation developed by Theis (4) gives the drawdown in the 
vicinity of a pumped well in terms of the discharge of the well and 
the coefficients of transmissibility and storage of the water-bearing 


formation: 


The term s is the drawdown produced by a continuous uniform with- 
drawal of water from an aquifer of wide extent and uniform thickness 
and permeability; Q is the discharge of the well; 7 is the coefficient 
of transmissibility; and W(z) is the well function of « or the nega- 
r’S 
tive exponential integral of —u. The value of is equal to aa 
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where r is the distance from the discharging well, S is the coefficient 
of storage, and ¢ is the time since the start of withdrawal. 

For artesian conditions in bedrock or alluvial aquifers, where the 
water level rises in wells above the level of the water-bearing forma- 
tion, and for water-table conditions when the distance (r) is small 
and the time (¢) is great, this equation may be simplified to 


263.520 
= ———- and 
As 


2.1 X 


29 


by using the following units and method. Relatively thorough dis- 
cussions of the derivation, application, and other modifications of 
these formulae are given by Cooper and Jacob (6) and Jacob (7). 
It is pertinent to point out, however, that the formula assumes dis- 
charge at a steady rate from an extensive artesian aquifer of uniform 
thickness and permeability. The artesian aquifers in some of the 
buried valleys of New England seem to satisfy the basic assump- 
tions sufficiently to permit utilization of the formula for engineering 
approximations of the coefficients of transmissibility and storage. 
Precise quantitative application of these values to solution of long- 
term problems, such as safe yield, is particularly difficult because 
of the limited extent of the aquifers. Where the aquifer is partially 
dewatered under water-table conditions, an adjusted drawdown (s,) 
must be used instead of the actual drawdown (s). 


s? 
So = s-—(——}, where 
2m 


m is the initial thickness of the saturated aquifer. 

The coefficient of transmissibility (7) is in gallons a day per 
foot; Q is in gallons a minute; s is the change in drawdown in feet 
over one logarithmic cycle on the graph described in Figure 5; ¢, is 
the time in minutes at the intercept of the zero-drawdown line on 
the same graph, and r is the distance in feet from the discharging 
well to the observation well. The drawdown, which is the difference 
between the water level during or after pumping and the original 
static water level, is plotted against the time since start of pumping, 


in minutes, on semi-logarithmic paper with time on the logarithmic 
scale. 
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These calculations assume that the pumping rate is essentially 
uniform and uninterrupted, water-level measurements are made fre- 
quently with an accuracy of at least 0.1 ft, the pumping well penetrates 
the aquifer completely, and the time at which withdrawal began and 
the times at which water-level measurements are made are recorded 
accurately. 

Drawdown test—Water-level measurements during the period 
of pumping are shown on Figure 4 and drawdowns at selected times 
are given in Table 2. These drawdown data are plotted against the 


TABLE 2.—OBSERVATIONS ON WELL PRO. 48 DURING DRAWDOWN Test, USED IN 
FicureE 5. (Static WATER LeveL BerorE PumpING BEGAN Was 
7.04 PT BELOW THE MEASURING POINT.) 


Time (t) Water level Drawdown (s) 
in minutes in feet below m.p. in feet 


7.42 0.38 
7.62 0.58 
7.89 0.85 
8.07 1.03 
8.23 1.19 
8.48 1.44 
8.67 1.63 
8.81 1.77 
8.94 1.90 
9.03 1.99 
9.12 2.08 
9.19 2.15 


time (¢) in minutes on semi-logarithmic paper with ¢ on the logarith- 
mic scale (Fig. 5). A straight line is drawn through the plotted points 
and As, the difference in drawdown over one logarithmic cycle, is 
determined as 1.45 ft (2.22 — 0.77 = 1.45). Therefore, 


263.520 263.52 * 254 
As 1.45 


= 46,200 gpd /ft. 


Some of the points during the early part of these tests do not fall 
along a straight line; these points, therefore, cannot be used in ob- 
taining the hydrologic constants. 
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In determining the coefficient of storage, the straight line through 
the plotted points (Fig. 5) is extended to the zero-drawdown line 
and values of ¢, are read at this intersection. Therefore, 


2.1 X 10-*T¢#, 2.1 X 10-* X 46,200 X 2.98 
= = 15° x 
140? 
Recovery test.—Similar calculations may be based on the water- 
level measurements taken during recovery (Table 3). The observed 


TABLE 3. OBSERVATIONS ON WELL PRo. 48 DURING RECOvERY TEST, USED IN 
FIGURE 5. 


Time (t’) Actual water Extrapolated water Recovery (s’) 
in minutes level in feet level in feet in feet 


9.21 0.47 

5 8.60 9.23 0.63 
10 8.36 9.25 0.89 
15 8.19 9.28 1.09 
20 8.06 9.32 1.26 
30 7.85 9.36 1.51 
© 40 7.70 9.42 1.72 
50 7.60 9.46 1.86 
60 7.51 9.50 1.99 
70 7.45 9.54 2.09 
80 7.38 9.57 2.19 
90 7.33 9.60 2.27 
100 7.28 9.62 2.34 


7.25 9.63 2.38 


water levels during the period of pumping and the following recovery 
period are plotted against time, and the decline in water levels is 
extrapolated beyond the period of pumpage to correspond to the 
probable continued decline, if withdrawal had been continued (Fig. 5). 
The distance between this extended drawdown curve and the observed 
recovery curve at selected times comprises recovery that is equivalent 
to the drawdown (s) used above. These recovery values are plotted 
on the semi-logarithmic paper against the time (¢’) since pumping 
ceased, and a straight line is constructed again through the plotted 
points. By means of the same formulae, values of the coefficient of 
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Q=254 gpm 
r = 140 ft. 
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FIG. 5 TIME-DRAWDOWN GRAPH FOR OBSERVATION WELL 
PRO. 48, WHICH IS 140 FEET FROM 
THE DISGHARGING WELL 
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Fic. 6.—VIEw SHOWING WATER FLOW DURING THE PUMPING TEST. 


storage and transmissibility may be determined to check with the 
values computed from the drawdown data. 


263.52 X OQ 263.52 XK 254 
- = 43,800 gpd /ft. 
As 1.53 


2.1 10-“T¥, 2.1 X X 43,800 X 2.95 
140? 


ANALYSIS OF DATA 


The values of the coefficients of transmissibility and storage, 
as determined from observed water levels during the period of pump- 
ing and recovery, are relatively similar, and indicate a coefficient of 
transmissibility of approximately 45,000 gpd/ft and a coefficient of 
storage of about 1.4 X 10° for the well tested. The permeability 
cannot be calculated, as the thickness of the water-bearing material 
is not known accurately. The regular increase in drawdown propor- 
tional to the logarithm of the time since the discharge began (Fig. 5) 
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precludes appreciable recharge from the nearby pond in the vicinity 
of the well, but such recharge may occur some distance away. The 
low value of the coefficient of storage shows, moreover, that the water 
is under artesian pressure, probably due to confinement by intercalated 
beds of clay and silt. 

On the basis of the determinations of the hydrologic character 
of the aquifer, the theoretical drawdowns in the vicinity of the pumped 
well for any particular rate of discharge may be calculated by sub- 
stitution of appropriate values in the unmodified Theis equation. This 
formula, adjusted for convenient units, is 


114.6 —1.87r°S 
Tt 


? 


where s is the drawdown in feet, Q is the discharge in gallons a min- 
ute, T is the coefficient of transmissibility in gallons per day per foot, 
t is the time since start of discharge, r is the distance, in feet, from 
the discharging well to the place where the drawdown is to be deter- 
mined, and S is the coefficient of storage. Values of the exponential 
integral are available in papers by Kazmann (8) and Wenzel (5). 


By substituting the determined values of transmissibility and 
storage in this equation, curves may be constructed showing the 
drawdown that any desired rate of withdrawal would cause at specific 
distances from the pumped well during continuous withdrawal, or 
the drawdowns along a line extending away from the pumped well 
after a specific period of time (Figures 7 and 8). These curves com- 
prise straight lines on semi-logarithmic graphs, where time is plotted 
on the logarithmic scale, but their significance is more evident when 
arithmetic codrdinates are used. 

Although these theoretical data assume continuous operation at 
a uniform rate and an extensive aquifer of uniform thickness and 
permeability—conditions which are rarely if ever satisfied—the deter- 
minations are generally of value in making reliable estimates as to 
desirable rates of withdrawal, well spacing, and probable interference 
of wells (9). For example, Figure 7 indicates that the drawdown 
after 1 day of withdrawal at the rate of 250 gpm would be approxi- 
mately 4.3 ft at a distance of 100 ft from the pumped well, and 3.4 ft 
at a distance of 200 ft. Therefore, the total yield of wells separated 
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by only a few hundred feet in this area would be substantially lower 
when operated together than when the wells are pumped independ- 
ently. A much more comprehensive investigation would be needed 
to determine reliably the safe yield of the area as a whole. 


SUMMARY 


This paper presents the results of an investigation of ground- 
water conditions in the Gorham well field near Mashapaug Pond in 
southwestern Providence, R. I. Geological reconnaissance indicates 
that the well field is located along the eastern edge of a large buried 
valley and the thickness of the unconsolidated deposits thins im- 
portantly to the east. The water-bearing material comprises a small 
to moderate thickness of gravel that is overlain by about 100 ft of 
clay and silty sand. 

A pumping test was made and, from the data obtained, the coeffi- 
cient of transmissibility was computed to be approximately 45,000 
gal a day per foot and the coefficient of storage 1.4 X 10-*. The 
application of the straight-line solution of the Theis non-equilibrium 
equation to these pumping-test data is described, and theoretical 
curves for drawdown in the vicinity of a pumped well are included. 
The safe yield of the area cannot be computed without many additional 
data on the limits of the aquifer and the places at which recharge 
occurs. 

The geologic and hydrologic information relate specifically to 
the immediate vicinity of the wells only, but procedures in obtaining 
the pumping-test data and in calculation of the observed information 
are applicable to other similar well installations in New Engand. 
More detailed descriptions of this and other methods for computation 
of pumping-test records, as well as comprehensive discussions of the 
derivation and application of the equations, are given in papers by 
Jacob (6, 7). 
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DISCUSSION 


A MEmMBER. I would like to ask the gentleman if his studies 
have determined fairly definitely the extent of that sand and gravel 
deposit in the Cranston section—that is, the width of the valley 
and the probable depth of the aquifer itself. 

Witi1AM B. ALLEN. The only information we have is at the Nar- 
ragansett Brewing Company’s wells in the Mashapaug Pond area. 
They are only separated by a quarter of a mile. The valley runs 
north and south there, so that we really have a section across the 
valley at that point. We find that the water-bearing beds are thicker 
and more permeable on the west than on the east. 

THE MEMBER. What about the range of thickness, minimum 
and maximum, in those beds? 

Mr. ALLEN. On the west side the beds are permeable all the 
way down in certain places. 

THE MEMBER. To what depth? 

Mr. ALLEN. To-a depth of about 120 ft. We do not have 
the middle of the valley. One side of the valley goes to at least 
120 ft. 

Warren J. Scott (Hartford, Conn.). Do I understand that 
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the only observation you made during that pumping test was the 
rate of discharge from that one well? 

Mr. ALLEN. Yes. We only used the one well for this test. 

Mr. Scott. The rest of the calculations were all based on 
theoretical knowledge of the aquifers? 

Mr. ALLEN. Well, no. The information we got from that one 
pumping test, the water-level measurements, enabled us to use these 
formulae that were developed. 

Mr. Scott. Just with the one well? 

Mr. ALLEN. Just with the one pumping, yes, sir. We were 
pumping one of the wells and taking the observations of one of the 
other wells nearby. 

Mr. Scott. A 90-minute pumping test? 

Mr. ALLEN. A 90-minute pumping test, yes, sir. You see, the 
aquifer was under artesian conditions and we could use a much shorter 
test. If it had been permeable all the way down, we would have had 
to make the test for at least a week, or three or four days anyway. 

ARTHUR L. SHAw (Boston, Mass.). You had made test borings, 
however, to determine the general character of the underlying ma- 
terial, independent of these wells, had you not? 

Mr. ALLEN. No, we made no test borings, but they were made. 
That is, samples were taken when the wells were drilled, so that we 
had that information available. 

Witi1Am W. BrusH (New York, N. Y.). Is there any way of 
estimating the probable accuracy of the computations, other than 
by ultimately carrying on a pumping test over a long period of time, 
that would indicate the actual yield that could be obtained from that 
aquifer? Have you any estimate that it is 50% accurate, 25% 
accurate or 100% accurate? 

Mr. ALLEN. This is the first one we have made in Rhode Island. 
Maybe Mr. Brashears, who was in charge of the ground-water work 
in New England, would have more information on that in other 
areas where he has worked. 

M. L. BrasHEars, Jr. (Jamaica, N. Y.). The best checks that 
I can recall, Mr. Brush, are a number of long pumping tests that 
we made out in the Middle West, in which permeability was included. 
The field result, using these various equations, gave certain figures, 
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which later were checked by making laboratory determinations 
of the permeability of materials, through which the water passed 
and from which it was pumped, and we found that there was a 
pretty fair degree of check between the two. I do not recall what 
the percentage would be but I seem to remember some tests in 
Nebraska, in which the permeability by the field method was cal- 
culated to be somewhere around 1,000 or 1,100 and the laboratory 
method showed the permeability to be in the order of 900. That was 
a pretty good check in that particular territory but it would all 
depend, of course, on your actual field conditions. As Mr. Allen 
has said, we assume an infinite aquifer under homogeneous condi- 
tions and a number of other things which can never be met in the 
field. These methods are designed to give the best engineering ap- 
proximation that is possible. Of course, I assume that could be 
checked by putting down a lot of test wells. 

A MemserR. I was interested about the relation of that surface 
pond to the pumped wells. I wondered if there were any long-time 
water levels of the pond available and, secondly, whether the chemi- 
cal analyses of the pond and the ground water showed great similarity. 

Mr. ALLEN. There have been no measurements made of the 
water levels in the pond that I know of, and the pond is more or less 
polluted by surface contamination and mills, so that no available 
information is to be had on the chemical content of the water. We 
have available only those chemical constituents that I spoke about in 
the paper. 

THE MEMBER. For instance, was the ground water different 
in hardness, or in some things like that, from the surface water? Was 
it considerably harder? 

Mr. ALLEN. In general, the surface water in Rhode Island is 
very soft and the ground water is harder. What usually happens is 
that the surface water is very soft, the water in the outwash de- 
posits—the till areas—is still harder, and the water in bedrock is 
even harder than that. But it is hard to state any definite figures 
on those. 

Mr. BrusH. You said the iron content went up rather rapidly 
to a rather high point. Did you have any determination as to the 
probable cause of that increase in the iron? 
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Mr. ALLEN. Yes. I don’t know whether I should tell it or not. 
There is an area in here, where some time ago they dumped a lot 
of old scrap iron, and perhaps that had something to do with it. 

A. LELAND GLIppEN (New York, N. Y.). I would like to know 
if you took any bacteriological tests of your pumped water. 

Mr. ALLEN. No, there were no bacteriological tests made of the 
pumped water. 

Mr. GLIppEN. Or chemical? 

Mr. ALLEN. Only those that I mentioned. 

Mr. GiiwpEn. There was no relationship between the water 
pumped out of this well and the water in the pond, as far as you 
could tell from the tests that you did make? 

Mr. ALLEN. No. All the water that is used for sanitary pur- 
poses is put back into the pond—that is, it is really polluted water— 
so that we did not bother to do anything with the pond water at all. 

Mr. GLippEN. You mentioned that one well in that area was 
used for drinking water. 

Mr. ALLEN. That is right. 

Mr. GuippEN. How far was that from the well that you used for 
test purposes? 

Mr. ALLEN. They pumped two wells, Providence 49 and Provi- 
dence 50. Our observations were made in an unused well nearby, 
and the iron content and the other chemical constituents were fairly 
low in those two Providence wells. 

Mr. GiippEN. The well that is used for drinking water is one 
of the wells that you tested? 

Mr. ALLEN. Yes. 

Mr. GiippEN. I am assuming that that had been tested by the 
State before they would allow them to use it for drinking water. 

Mr. ALLEN. I am sure that it has. 

Mr. SHaw. I think that the last two speakers—if I under- 
stand them correctly—are trying to clear up the statement that you 
made, Mr. Allen, in your paper, that you had indications that there 
was no recharge from the pond itself—that the recharge, if it oc- 
curred at all, was from some distance away. I think they are trying 
to find out on what data you based that statement. 

Mr. ALLEN. A part of the data was based on temperatures. The 
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temperature of the surface water would be much higher than that 
of the ground water. The surface water would be around 60° or 
higher and the ground water was down to 53°. That is one of the 
things on which we based it. 

Mr. SHAw. I think one of the important things to note, as has 
already been brought out, is that these formulae are based on certain 
assumptions, such as an infinite layer of uniform material, which, 
while it may be approximately true in some parts of the country, cer- 
tainly is not true in New England. I expect this U.S.G.S. team that 
is working in New England is gradually and effectively building up 
information for us. If they have not worked in New England before, 
they are probably finding out that our subsurface materials are far 
from infinite, far from being of a uniform character, and far from 
being uniform in permeability. Nevertheless, the formulae do point 
the way to these things and are certainly going to be extremely 
helpful in interpreting our result. But I think we are likely to find 
from actual experience that our accuracies, as Mr. Brush has inti- 
mated, are more apt to be on the order of 50% than the 90% that 
you found. 

Mr. BrasHeEars. I would like to make a remark on the ques- 
tion that these two gentlemen had. There are two indications that 
not much of the water in the pond was getting into the wells or, 
rather, that it was getting down there by a very circuitous route. 
One is that coefficient of storage, of which Mr. Allen spoke. If 
much water got down there—if the formation were not rather good 
artesian formation—that figure would approximate water-table condi- 
tions and would be much higher. It would approximate the specific 
yield of the water-table bed. 

The other indication would be the drawdown curve that he 
showed you. The one he showed was a very smooth curve. If he 
began to get a sizable amount of water from the pond, that would 
constitute another source of recharge and his curve would flatten 
very definitely. As it came down, it would lose its smooth shape 
and flatten. 

Since he does not have either of those things, it is a pretty good 
assumption, based on other tests, that the pond water that is com- 
ing into that well is going way around this clay, perhaps to the 
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other side of the valley, if you wish to visualize it that far, before 
it can get under. 

Mr. SHAw. I wonder if Mr. Howard would care to say any- 
thing. He has had a lot of experience with ground water here 
in New England. 

Pau. F. Howarp (Boston, Mass.). I don’t think I have any- 
thing in particular to say about it. We have followed these formulas 
and have been trying to apply them to past records of a great many 
time tests. We have not had enough success with them to feel 
justified in using them in the future for advance opinion or as a 
basis for our studies. We have seen fit to stay with the long pump- 
ing tests, in which the drawdown water level is stabilized over a 
long period of time, observing our recovery and making calculations 
on that basis. As you suggested, our material lack was in uniformity 
in the deposits. 

It is so difficult to compute the size of any area that is furnish- 
ing water. A good illustration is on Cape Cod, at Brewster, where 
the apparent valley is no bigger than this room, yet pumping tests 
showed that it yielded 300-400 gpm continuously. There are so 
many unknowns which have yet to be determined in applying the 


formulas that I have not dared to use them in making predictions of. 


what would happen in certain places. 

Mr. BrusH. I would like to ask this question. If it is em- 
barrassing, do not answer it. In reporting your results of a test 
like this, is it clearly brought out in the text of the report that the 
estimates made by using these various formulae represent an esti- 
mate that should not be taken as the probable yield, necessarily, but 
as the best you can do with the information available? In other 
words, is ample warning given to those who do not know so much 
about what was done or attempted, so that they would not take 
those figures and use them incorrectly? 

Mr. ALLEN. We have tried to indicate that. 

FrANcis H. Kincssury (Boston, Mass.). I wonder if the gov- 
ernment has made any tests of the wells at Camp Edwards, where, 
as I remember it, the conditions approach theoretical, with more or 
less uniform sand of a depth of some 90 ft. Then there is another 
one of that same general type in the Charles River wells, so called, 
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at Needham, where they go down the unusual distance in this State of 
some 90 ft and have a uniform material. 

Mr. SHAw. I understand that the Geological Survey is planning 
to extend its investigations over New England as time goes on. 
Have you done much in Massachusetts yet at either of these places? 

Mr. ALLEN. I think that Mr. Brashears can answer that better 
than I can. 

Mr. BRASHEARS. There have been no tests of this kind. We 
have not run tests at Camp Edwards, but we would welcome the 
opportunity. The conditions have not been right to do that. 

Mr. Howarp. The work that they did in the valley at Lowell 
we found to be extremely helpful in the furnishing of new water 
supplies there and in determining the location of the glacial valley, 
and we are hoping that they will do a lot more of that in New Eng- 
land. I think it will be of tremendous benefit to the communities, 
when that work is carried forward, in helping us to locate and follow 
out all these valleys here in New England, as then the communities 
will know what they can do in the future in the way of furnishing 
ground-water supplies. Of course, we have extensive buried valleys 
with great potential value in furnishing ground water. The old, 
buried Sudbury River valley, I suppose, is the one that has been 
most developed at Framingham, Natick, Wellesley and Needham. 
When their studies are carried out further on the old, buried Merri- 
mack River valley, as well as many others, we shall have a wealth 
of information and it may be a cinch to get a good water supply 
for a lot of these communities. 

Mr. SHAW. One point that has not been mentioned here today 
is that this survey, when it is complete, is very likely to furnish data 
which may lead to control of the ground-water sources in New Eng- 
land, as has been done for some time on Long Island. Today the offi- 
cials of any town or city, who think that perhaps they need to increase 
their sources, are at perfect liberty to make tests and inspections and 
to put down wells wherever they want. I expect that the survey data 
are likely to show the trend and, when ground-water levels over the 
years, perhaps, show us that we are approaching the limit of what 
can be done with ground water, the inevitable result of that is better 
control—statewide control, perhaps—of the use of ground water. 
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FLOOD-CONTROL STRUCTURES 


Part I.—DEsIGN 
BY JOHN E. ALLEN* 


[Read September 18, 1947.) 


Ir 1s a privilege to be able to speak before an organization having 
the background and standing of the New England Water Works 
Association. Although it may seem like carrying coals to Newcastle 
to talk to you of water, the problems involved in flood control are 
different from many which you customarily meet. 

Disastrous floods have occurred at varying intervals on most of 
the large rivers in this country since Colonial days. The extent of 
the damages caused have increased with the growth of the population 
and industry in the river valleys. Although protective levees, built 
by the Federal Government, have been in existence on the Mississippi 
and Ohio Rivers for many years, it was not until the unprecedented 
country-wide floods of 1936 that the Congress assumed a general 
responsibility for flood-protective measures. 

The policies outlined in the 1936 Flood Control Act, and amended 
and expanded by subsequent legislation, are briefly as follows: 

First: It is the sense of Congress that flood control on navigable 
waters or their tributaries is a proper activity of the Federal Gov- 
ernment in cooperation with the States and their political subdivisions 
and that the Federal Government should improve, or participate in 
the improvement of, such rivers or watersheds for flood-control pur- 
poses, provided the benefits resulting therefrom are greater than the 
cost. 

Second: Federal investigations for, and construction of, flood- 
control improvements on waterways shall be under the jurisdiction of 


the War Department and under the supervision of the Chief of En- 
gineers. 


*Chief of Engineering, New Eng!and Division, Corps of Engineers, U. S. Army, 31 St. James Ave., 
Boston, Mass. 
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Third: Federal activities leading to the prevention of soil ero- 
sion and water-flow retardation on watersheds shall be under the 
direction of the Secretary of Agriculture. 

Fourth: The Secretary of War is authorized to acquire in the 
name of the United States title to all lands and rights-of-way required 
for any dam and reservoir project or channel improvement for flood 
control. 

Fifth: Penstocks or other similar facilities, adapted to possible 
future use in the development of hydro-electric power, shall be in- 
stalled in any dam authorized, when approved by the Secretary of 
War, upon the recommendation of the Chief of Engineers and the 
Federal Power Commission. 

Sixth: Rights-of-way for local protective works shall be provided 
by the community affected, which shall agree to maintain and operate 
such works under rules established by the Secretary of War. 

Seventh: The interests and rights of the States are recognized 
in determining the development of watersheds within their borders and 
in water utilization and control. 

Eighth: Investigations, plans and proposals for flood control or 
navigation shall be made available to the States affected, and their 
views and recommendations shall be transmitted to Congress along 
with the report by the Chief of Engineers relating thereto. 

Ninth: No flood-control project shall be constructed until it has 
been authorized by Congress and funds have been appropriated 
therefor. 

In accordance with directives by Congress, the New England 
Division of the Corps of Engineers has investigated and reported 
upon all of the major rivers in New England. As a result of such 
reports, Congress has authorized flood-control projects for the Con- 
necticut, Merrimack, Blackstone, Pawtuxet, Thames and Housatonic 
river basins. Insofar as agreements have been reached with the States 
concerned and construction funds have been made available, indi- 
vidual projects have been built on the Connecticut and Merrimack 
Rivers, which will provide a limited amount of flood protection on 
these streams. 

The four principal watersheds in the State of Maine have also 
experienced great floods. However, the areas subject to inundation 
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have not been developed as extensively as in the other valleys men- 
tioned and the cost of protective works would exceed the anticipated 
benefits. The Androscoggin River, with its numerous storage reser- 
voirs, is the best-regulated stream in New England. 

There are certain logical steps in the investigation and develop- 
ment of a flood-control plan. They are concerned with the questions 
of what has occurred, what may be expected to occur and what is 
the best and most economical solution. I will expand these steps in 
the order named. 

What Has Occurred. The first step involves a study of floods of rec- 
ord and of the damages caused. If we had records as long as those on the 
Nile in Egypt, which go back for nearly 4,000 years, we could prognos- 
ticate with great accuracy the probable frequency of occurrence of floods 
of any magnitude. As it is, New England is more favored than most 
sections of the country, since we have accurate records going back 
100 years for several of the rivers and hearsay data for an additional 
150 years. There are several accepted methods of developing fre- 
quency curves from such flood records as we have and the results 
are not in strict agreement. For this reason, I hesitate to quote fre- 


quencies. However, no better tool has been developed for converting 
losses of record to annual losses as a basis for economic studies. 


The New England Division uses probability equation Y = 


for plotting the discharges of record, where Y equals the probability 
of occurrences in years, m is the period of historical record, and n is 
the order of magnitude of the flood. The upper limit of the discharge- 
frequency relation is fixed by the estimated discharge of the maximum 
possible flood. 

The damages to be anticipated from a flood of any magnitude 
can be obtained with reasonable exactness, particularly if data are 
available for one or more major floods. The discharges which took 
place in 1936 were the maximum of record on many of the streams 
and the data secured were used as a basis of stage-damage studies. 
Immediately following the flood, field parties were sent out, which 
visited all the damaged areas. Individual losses were computed and 
checked with the estimates furnished by each property owner. In 
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addition to the losses sustained, the damages were computed for 
higher and lower stages, down to the point of zero damage. By sum- 
marizing these figures, stage-damage curves were formed, which gave 
the anticipated losses for floods of any magnitude. 

At the same time that these investigations were going on, survey 
parties obtained the elevations of the flood profiles and established 
the control points, such as dams and river constrictions, which gov- 
erned the flood elevations. These dams and constrictions were sur- 
veyed in order to establish rating curves and the rivers were divided 
into reaches, within which there was slight variation in the flood level. 
By applying the rating curve to each reach thus established, the water 
level could be determined for a flood of any magnitude. 

Flood losses are made up of a variety of elements. Direct losses 
are the cost of replacement of actual physical damages suffered. In 
addition, there are indirect losses, such as loss of business or wages, 
cost of re-routing highway and railroad traffic around the damage 
areas, flood fighting and relief of distress. 

For convenience, the direct losses have been broken down into 
the following categories: 


1. Rural; 

2. Urban; 
3. Industrial; 
4. Highways; 
Railroads. 


The indirect losses vary with the type of direct damage and with 
the individual community. It has been found by sampling methods 
that a fair yardstick of the measure of indirect losses is represented 
by the following ratios of indirect to direct losses: 


1. Rural, 20%; 
2. Urban, 55%; 
3. Industrial, 120%; 
4. Highways, 100%; 
5. Railroads, 100%. 


The direct and indirect losses together constitute the flood dam- 
age. The summation of these values for each stage elevation, multi- 
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plied by the frequency of the flood reaching that stage, represents the 
average annual flood losses. 

There are certain indeterminable losses not listed, such as loss 
of life, human suffering and impairment to health, which cannot be 
evaluated but which should be given consideration in the selection of 
a flood-control program. 

In computing annual losses, it is necessary to eliminate those 
which are non-recurring. Thus, the loss of a highway bridge, which 
has been replaced with one of adequate clearance, should not be in- 
cluded in the determination of annual losses. 

The benefits, of course, are the reductions in losses occasioned 
by the construction of flood-protective works. 

What May Be Expected to Occur. The second phase of study 
deals with the magnitude of future floods which might be expected 
and to what degree protective works should be provided. As previ- 
ously stated, the records of stream flow in this country are compara- 
tively short and any flood of record can be easily exceeded. The 
watershed is first studied to determine the extent to which each major 
branch stream contributes to the peak flow in the main river for the 
floods of record. An analysis of the rainfall data for the storm in 
question is then made and it is usually found that, if the center of 
that storm had occurred a few miles away, the results would have been 
quite different. In conjunction with the Weather Bureau, a storm 
pattern is worked out, based on a storm of record and on orographic 
conditions of the basin, which would produce a greater flood than has 
actually occurred. Thus, we arrive at what is known as the project 
storm and the flood which it would cause is called the project flood. 
This project flood is one which can be easily anticipated to occur and, 
as a rule, is 15% to 30% greater than the flood of record. In some 
of the tributaries, the project flood will exceed that experienced by 
50-60%. The maximum possible flood which reservoir spillways are 
designed to pass is greater than the project flood. 

Best and Most Economical Solution. The third and final phase is 
the development of a flood-control plan which will provide the maxi- 
mum protection within economic limits. These economic limits, as 
defined by Congress, are that the benefits shall be greater than the 
cost. There are three common methods of accomplishing flood pro- 
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tection: channel improvement, local dikes and reservoirs. Channel 
improvement is usually the most expensive method and, in some 
cases, the situation downstream is aggravated by channel straighten- 
ing. Local dikes and river walls are feasible for large centers, such 
as cities, on flood plains, where the damages are intense and highly 
concentrated. A dike protects only the area enclosed; therefore, its 
scope is limited. Furthermore, provision must be made, in the form 
of intercepting sewers and pumping plants, for handling the surface 
runoff within the area and for disposing of sanitary sewage, which is 
normally allowed to flow into the river. Otherwise, the river flood 
would back up in the sewerage system and find outlets through man- 
holes in the areas to be protected. It is desirable to provide local 
protection for a greater flood than is the case with reservoir control. 
If a dike is overtopped, the whole area is inundated, whereas inade- 
quate reservoir control will lower the flood heights, if it does not 
eliminate all damage. There are certain localities, such as the mill 
areas of Holyoke, Lawrence, Lowell and Manchester, where the 
canals and water passages under the mills greatly complicate the 
problem of local protection. On the other hand, the cities of Spring- 
field and Hartford are ideally adapted for dikes and river walls. 

Control by a proper system of detention reservoirs provides the 
most widespread benefits of any method of flood protection. The 
optimum results are obtained, if the drainage areas tributary to the 
reservoirs total about 50% of the whole river basin and if the reser- 
voirs are so distributed as to control the principal flood-producing trib- 
utaries. These reservoirs should be capable of eliminating the flooding 
of railroads and main highways in the valley bottoms and of protecting 
bridges and existing dams from failure. In the event that it is not 
possible wholly to eliminate flood hazards in isolated damage centers 
by means of reservoir control, such areas can be protected by local 
dikes of a lesser height. For rainfall conditions in New England, the 
detention reservoir should have a storage capacity of 6 to 8 in. of 
runoff, depending on the size of the drainage area and the runoff 
characteristics. 

The reservoirs should be located above principal damage cen- 
ters and so placed as to reduce the flood flows of the tributaries and 
desynchronize their contributions to the peak flow on the main stem. 
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Numerous studies have shown conclusively that a group of small 
reservoirs in the headwaters is much more costly than a few larger 
reservoirs farther downstream, the benefits being the same. As a 
rule, such small headwater projects do not yield a return on the in- 
vestment. Ordinarily, the intensive development along its channel 
precludes the building of a flood dam on the main river stem. 

A reservoir with 6 to 8 in. of tributary-runoff storage can usually 
hold back a flood of approximately 100-year frequency, while it is 
discharging about 10 % of the unrestrained peak flow. It ordinarily 
takes 10 days to 2 weeks to empty the reservoir completely without 
exceeding downstream bank capacity, after the flood threat has passed. 
Even though a greater flood should cause discharge over the spillway, 
the benefits are large, as the peak outflow is much less than the in- 
flow and the delay in timing can be helpful. 

Of course, a flood-control reservoir should be empty when a flood 
is imminent; otherwise its value is greatly reduced. For this reason, 
the Corps of Engineers does not permit power or conservation storage 
to encroach on flood storage in a project designed for dual purposes. 

The flood discharge is usually controlled by gated conduits. 
When an adequate flood-forecasting system is available, the discharge 
can be reduced for the lesser floods without letting the storage top the 
spillway and. in this manner, additional downstream benefits can 
be realized. 

In order to insure safety against overtopping of the dam, the 
spillway is designed to pass the maximum possible flood, as deter- 
mined by joint study of the Corps of Engineers and the Weather 
Bureau, this flood being superimposed on a full reservoir. Thus, 
the overall height of the dam is determined by the flood it must 
store plus the spillway surcharge required to pass the maximum flood 
plus a freeboard of 5 ft or more, depending on the fetch of the waves 
in the reservoir. 

With the problems described in mind, it remains to develop a 
system of flood protection. Many alternate sites must be investigated 
and their costs and carrying charges compared with the benefits, be- 
fore a well-balanced system is obtained. The choice of reservoir sites 
is often restricted by unsatisfactory foundation conditions or by in- 
tensive development of the prospective reservoir area. In New Eng- 
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land, the railroads and highways usually follow the river valleys and 
frequently towns and good agricultural land present an insurmount- 
able obstacle. Local opposition to a reservoir is sometimes so strong 


that downstream communities must be denied effective protection by 
that means and resort must be had to the more expensive and less 
effective protection afforded by dikes and flood walls. 
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FLOOD-CONTROL STRUCTURES 
Part II.—CoNSTRUCTION 
BY CARL H. LOVEJOY* 


[Read September 18, 1947.) 


THE building of flood-control structures in New England by the 
Federal Government has been a development of the last 15 years. 
The real program started immediately after the hurricane and flood 
of September, 1938. This disaster, following so closely the flood of 
March, 1936, gave the final impetus to the work that resulted in 
the starting of many concrete flood-walls and earth dikes along the 
Connecticut and Merrimack Rivers before the end of 1938. In 1939 
and 1940 five dams were started, all of which were completed before 
the war interrupted the program. Two dams have been started since 
the war and others are to follow. 

New England flood-control construction presents about the same 
number of problems that are encountered on the large projects of 
the West. The difficulties to overcome are similar but on a smaller 
scale. 

Mr. Allen has described the use of flood-control structures and 
has shown that they consist of dams, to hold back part of the flood 
flow of the river in the upper reaches or tributaries, and walls and 
dikes, to confine the flood flow as it passes through the cities where 
the damage may be greatest. I shall confine my remarks mostly to 
dams. 

The dams built in New England are relatively close to large cities 
and do not involve building a camp for the workers. This is an 
advantage we have over the large dams in the West. The fact that 
our country is more thickly settled makes it more difficult to find 
locations that do not interfere with existing developments. Many 
dams involve rebuilding a stretch of railroad and all require expen- 
sive road relocations, and it does not seem possible to build a dam 


*Chief of Operations, New England Division, Corps of Engineers, U. S. Army, 31 St. James Ave., 
Boston, Mass. 
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here without moving at least one cemetery. Flood-control dams are 
usually dry dams, and the only time they have water against them 
is when the gates are closed and the reservoir fills, to hold back flood 
waters for discharge later, when it is safe to do so. A typical New 
England flood-control dam may be described as a large earth fill 
with dumped rock facing spread on the slopes, from 75 to 125 ft high, 
across a river valley about half a mile wide, with some means of 
passing the normal flow of the river through the dam or around the 
end of the dam, gates to regulate or shut off this flow, and a spillway 
to take care of excess water beyond the capacity of the reservoir 
and prevent the dam from being overtopped. 

Other dirt dams have been built in New England, of which the 
outstanding were water-works dams, particularly Cobble Mountain 
and Quabbin in Massachusetts, the Saville Dam for Hartford and. 
more recently, the dam now under construction at Pittsfield, Mass. 

The first construction problem in a flood-control dam is to take 
care of the flow of the river while you are building the dam. This 
means that one of the earliest operations must be the building of 
the outlet works. If one of the ends of the dam starts from a rocky 
hillside, the final flow of the river will be in a rock tunnel through 
the hillside, with an inlet channel, gates, a gate house and an outlet 
channel with a stilling basin. This feature of the work will usually 
take one year. The New England construction season for efficient 
work runs from about April Ist to December Ist. Work on rock 
tunnels and rock cuts can be performed in the winter, as those opera- 
tions can be continuous, though not too extensive, in the cold weather. 

Unless the river valley is very wide and the actual stream located 
at one side of the valley, very little work can be done on the earth fill 
for the dam, until the river has been diverted into its permanent 
location, where it flows through the outlet works you have been 
constructing the first year. The rock from these excavations will have 
to be stockpiled for use on the rock-facing of the dam, when you start 
placing dirt the second year. 

At the earliest time in the spring, after spring freshets have 
passed, the river is diverted from its old bed to the outlet works and 
the race begins to strip the foundation, place the impervious fill in 
the cutoff trench and then carry up, simultaneously, the separate im- 
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pervious earth core, random and pervious outer sections, and dumped 
rock faces of the huge earth structure to a point high enough to 
prevent overtopping from high flows, which unfortunately can occur 
at almost any month in the year. Dirt cannot be placed in freezing 
weather, so that it is certain that the dam must be at a safe height 
before quitting for the winter, to be ready for high waters in the 
spring. 

The earth for building dams in New England is always close at 
hand. Impervious, random and pervious materials have been dis- 
tributed and assorted by glacial action. The excavation for the dam 
and the spillway is generally usable, at least for random fill. 
The impervious is more difficut to find but, with a little exploration, 
a borrow pit can be established not too far away. It must contain 
sufficient clay to be impervious and yet not too much, so as to be 
unworkable. The pervious is an open sandy material, that can be 
used bank-run from the best sand and gravel deposit that can be 
found. Of course, all these materials are tested in the soils labora- 
tory in Boston during the design stages and a field soils laboratory 
is part of the resident engineer set-up. The Engineer Corps is one 
of the pioneers in the field of soil mechanics and a firm believer in 
scientific control of all earth fills. 

Earth dams have been built successfully by hydraulic-fill methods. 
Cobble Mountain, Quabbin and our Knightville Dam were all con- 
structed this way. Dams are built in this manner, when there are 
large deposits of glacial material right at the site, but with all classes 
of material mixed together. The materials are separated into im- 
pervious, random, pervious and gravel and cobbles by hydraulic 
methods. The earth is carried to the dam and placed by pumping 
it through a hydraulic dredge line. Such dams are tricky to build 
and a breakdown of the pump shuts down the entire work. 

Dirt-moving machinery has developed and increased in size so 
much in the last ten years that all of the earth dams we now contem- 
plate in New England will be placed by hauling in the material, 
spreading the earth in layers and then rolling it with heavy sheepsfoot 
rollers. 

I hate to admit it, but I am old enough to have worked on the 
Charles River Dam right here in Boston, that created the Charles 
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River Basin and keeps the tidal waters from the river. That was 
really the horse-and-buggy days, as dirt in those days was hauled in 
dump trucks drawn by horses. Much dirt was loosened by plows, 
and dug and loaded by hand labor instead of power shovels. The 
few shovels and rollers available were moved by steam and not gaso- 
line, and there was still hand-mixed concrete for culverts. Of course, 
in those days labor worked 9 hours for $2.00 a day and railroad 
laborers in New England who had a steady year-round job worked 
for $1.50 per day, six days per week. 

Nowadays we do most of our work by machinery. We accom- 
plish ten times as much and build structures that it would be im- 
possible to build without the large number of horsepower, and I 
don’t mean animals, that is available per worker on the present-day 
construction job. 

On dam construction, dirt excavation, which was generally ac- 
complished by power shovels, the dirt being hauled by trucks, is 
more and more being accomplished by scrapers, which dig and carry 
15 to 21 cu yd. If the dirt is only carried a short distance, the 
motive power is furnished by crawler tractors but on long hauls, the 
whole assembly is rubber-tire mounted and will carry these loads at 
25 miles per hour. If a shovel is used, it will probably drop the 
dirt into bottom-dump wagons of 15-yd capacity or more, mounted 
on large rubber tires. This change from trucks has been occasioned 
by two factors: first, the trucks mire down too easily when placing 
dirt in 6-in. or 8-in. layers; and second, the increased capacity of the 
present vehicles. Even with this increased capacity, the crawlers 
or the huge rubber tires distribute the load so that travel is possible 
over clayey, impervious or sandy pervious fills, that trucks would 
be unable to negotiate. 

Excavated rock, of course, is still carried in trucks. However, 
if the haul is not too long, crawler-type equipment is used, as the 
rough floors of rock cuts are very hard on tires. 

Probably some of you remember, back in the trucking days, 
when heavy fills were built up for their full height by backing trucks 
up to the edge of the fill and end-dumping down the slope. No wonder 
it took some years for these fills to settle to final grade! 

Present specifications of the Corps of Engineers require all fills 
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to be placed in layers, usually 6 or 8 in. thick, and compacted by 
rolling. The usual roller is the sheepsfoot roller, which compacts 
materials from the bottom up. The sheepsfoot roller resembles the 
ordinary lawn roller, with iron feet around the circumference, pro- 
jecting 6 to 8 in. from the surface of the roller. It is interesting to 
see a tractor hauling a gang of these rollers and to notice how, on 
the first pass, the feet will sink into the loose dirt for their full 
length. By the time the sixth (usually the last) pass is made, the 
feet will be riding almost on top of the compacted layer of fill. Tests, 
of course, are made to determine the density obtained. The increased 
density over that of the material in its natural state, before digging 
from the ground, is often startling. These results are obtained 
by controlling the moisture in the dirt at the time of rolling. If too 
wet, the material has to dry before it can be rolled and, if too dry, 
it is sprinkled with a fire hose. 

Due to the care used in placing fill, a separate payment per cu 
yd is made for making the fill and another for digging the dirt with 
which it is made. This is different from highway practice, where one 
payment per cu yd is made for excavation, which includes the placing 
of the dirt in the fill. Inexperienced contractors sometimes overlook 
the fact, when bidding, that it may take as much as 135,000 cu yd of 
excavation to make 100,000 cu yd of fill, on account of the way we 
compact it. 

Spillway excavations are almost always in rock in New England. 
Unless the valley is wide enough to start building a portion of the 
dam the first year, there will be no place to utilize the rock from the 
spillway until the second year, when the stream has been diverted 
and the construction of the dam begins. It is possible to do the rock 
excavation in the spillway and stockpile the rock. This involves waste- 
ful rehandling and is not customary in New England. 

You can see how busy a contractor will be in his second year on 
a flood-control dam. He will be digging three kinds of dirt—im- 
pervious, random and pervious—doing rock excavation and placing 
all of the excavated materials. All of these different fill materials 
are placed so that the top of the dam is brought up with its surface 
approximately level. Impervious and random are compacted with 
sheepsfeot rollers but the sandy pervious will not compact with this 
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type of roller, which, for the most part, stirs up the material. The 
compaction is accomplished by heavy caterpillar-drawn tractors, the 
vibration of this type of equipment packing down the sand, if it is 
kept moist. 

Of course, there is bound to be an appreciable amount of con- 
crete in an earth dam. The outlet works, whether they comprise a 
rock tunnel through one of the abutments of the dam or a conduit 
under the dam, are built of concrete and the spillway always has an 
overflow section of concrete. 

I mentioned briefly the improvements in the methods of placing 
earth fill. The Engineer Corps has been particularly interested in 
obtaining durable concrete for its flood-control structures. Its specifi- 
cations are rigid and are strictly enforced. Concrete materials are 
thoroughly tested before being approved for use. The purpose of all 
tests is to determine whether the concrete, when mixed and placed, will 
harden into a product which will withstand the ravages of time. 
Paints and steel have been tested like concrete, by exposing speci- 
mens to the elements over a long period of years. We learn, from 
the samples which endure the best, how to manufacture the product 
which will last longest. 

To simulate exposure tests, concrete specimens are frozen and 
then thawed. The Engineer Corps is now stressing a new, rigid 
freezing-and-thawing test for concrete. The old test took 24 hr for 
one cycle. It was rarely feasible to wait 200 days for results. The 
new test produces 11 cycles in 24 hr and you have the benefit of 300 
cycles in a month. Three sets of specimens are cast and tested 
simultaneously: one concrete is made of the sand and coarse aggre- 
gate which is under investigation; another of a proven sand with the 
coarse aggregate being investigated, and another concrete is made 
with the sand under investigation and a proven coarse aggregate. 
Definite results are often shown in 150 cycles. The tests, however, 
are carried through to a definite conclusion in all cases. 

The samples are judged, not by mere visual examination or loss 
in weight of disintegrated concrete, but by testing them for their 
sonic modulus of elasticity. This is a scientific way of testing the 
deterioration of the concrete, much as you might hit it with a sledge 
hammer, to see how hard it is and whether the hammer bounces back 
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with a healthy ringing sound, or the material is soft and lifeless. 
Actually, the transmission of vibrations through the concrete is ob- 
served somewhat as a doctor observes heart beats and makes an 
electro-cardiograph of your heart action. The progressive deteriora- 
tion of the concrete is determined from the change in the natural 
frequency of vibration of the concrete and from the modulus of 
elasticity. 

It costs a great deal of money to set up such an elaborate testing 
plan but it is a small proportion of the value of the structures involved. 
New England aggregates are tested in the Corps of Engineers labora- 
tory at Vicksburg, Miss. They get the same attention as aggregates 
for use on dams 25 to 50 times as large as ours. If anyone thinks this 
is going to extremes, he should examine some of the concrete struc- 
tures placed 20 years ago, or less, and see how some of this permanent 
concrete disintegrated. 

Of course, materials may be perfect and the concrete poor. The 
bride may make a terrible cake out of good materials, because she 
does not know how to combine the ingredients and bake them prop- 
erly. So can an inexperienced (or careless) contractor make poor 
concrete. We endeavor to overcome that, too, by intelligent inspec- 
tion. Making concrete is an art. Somebody connected with the job 
must have a great pride in his work and labor conscientiously to instill 
this spirit and desire for craftsmanship into the whole force doing 
the work. 

The same care is used in building earth dikes and concrete flood- 
walls as is expended on dams. Incidentally, the upkeep of the dams 
is the responsibility of the Federal Government but the local flood- 
protection works at the cities is turned over to them upon completion, 
for them to operate and maintain. Flood-control construction in- 
volves not only heavy construction of dams, railroads and highways, 
but also building construction, when we build gate-houses to hold the 
gate hoists, cranes, gasoline-electric-generator emergency units, switch- 
boards, gages, etc. Also, when we build earth dikes and concrete 
flood-walls, to keep the river out of cities, we have to build pumping 
stations, to remove the storm water and sewage from the city, when 
high water occurs. 

From these various points that I have touched on you can see 
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that flood-control construction in New England involves a great assort- 
ment of operations. The trend has been for larger and larger equip- 
ment to turn out a greater amount of work with the least amount of 
unskilled labor possible. In spite of the increased efficiency in the 
present-day methods of work, the total cost of building flood-control 
structures continues to rise. When it will stop, it is not for me to 
predict. 
DIscussION 


WILLIAM W. BrusH (New York, N. Y.). I would like to ask 
Mr. Allen as to the operation after the dams are completed. I under- 
stood from Mr. Allen that there were rules set up for operation, and 
he spoke about the immediate emptying of a flood reservoir after 
it had received a flood. I presume that might be usual but I was 
somewhat curious as to some of the details on that. 

JouHN E. ALLEN. The flood-control dams are operated by per- 
sonnel furnished and paid for by the Federal Government. Local 
protective works are maintained and operated by the locality where 
they are built, under rules established by the Federal Government. 

ARTHUR L. SHAW (Boston, Mass.). It has been said that there 
are some nice jobs for elderly employees, who have had some skills 
in their younger days in construction. These men sometimes get 
established as operators and they have very little or nothing to do, 
except to be on hand and on call—and possibly mow a little grass--- 
but largely to be on call so that, when the flood occurs and the flood 
dispatcher figures that it is time to close a certain dam or regulate 
certain gates, the men can be accessible by telephone for prompt 
action. Isn’t that so, Mr. Allen? 

Mr. ALLEN. Yes, but it is not a get-rich-quick scheme. 

Cart H. Lovejoy. May I take exception to the statement that 
they are elderly men? They are mostly men under forty and they 
are not sitting around waiting for something to happen. They have 
a gang of laborers at the dam to do general work and to keep the 
machinery oiled up. They have charts that Mr. Allen worked out 
as to how to open and shut these gates as the water rises. They are 
educated men and we pay them a good salary. You should not think 
that they are a bunch of superannuated politicians. We have a bunch 
of civil service men who are good. 
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WarrEN J. Scott (Hartford, Conn.). Have any of these reser- 
voirs been constructed so as to maintain a flow in dry periods? 

Mr. ALLEN. No, with one exception. During the war, at the 
Knightville dam on the Westfield River, about 11% in. of rainfall were 
stored, to facilitate manufacturing downstream. That was discon- 
tinued after the close of the war. The reservoir is normally dry. 

Mr. SHAw. I recall on one of the dams in the Miami Con- 
servancy District in Ohio there was quite an elaborate bronze tablet, 
established at the top of the dam, in a prominent place, stating in no 
uncertain terms the purpose of that dam and the fact that, under no 
circumstances, should it ever be filled or operated as a power dam. 
Do you take any such precaution as that to perpetuate the idea or 
depend simply on the regulations that you issue from time to time? 

Mr. ALLEN. We depend on the regulations. Of course, 
we can’t foretell what future generations will do but the in- 
tent is that the flood-control reservoirs will be normally empty, ex- 
cept in the case of a flood. On a reservoir designed for combined 
use, some allocation would be made for power storage and some for 
flood storage, and one would not be allowed to encroach on the other. 

THEODORE L. Bristor (Ansonia, Conn.). Does the growth in 
these reservoirs have to be cut every year? 

Mr. ALLEN. No, sir, we do not cut the growth in the reservoirs, 
for two reasons: one is that it is very expensive, and the other is 
that it would spoil the appearance of the land within the reservoir 
area, which is leased to anybody who wants it for about the cost of 
the taxes. There are several hundred acres in that Franklin Falls 
area that are leased for farming purposes or grazing purposes today, 
and that land is open to the first customer who wants to lease it. 

Howarp M. TurNER (Boston, Mass.). You stated the increase 
in damage between 1936 and 1946, giving the example of Manchester. 

Mr. ALLEN. Yes. 

Mr. TURNER. You gave as the main reason for the large in- 
crease from $4,000,000 to $14,000,000 the fact that the mills were 
busy. Wasn’t some part of that the change in the price scale? 

Mr. ALLEN. We used an increase of 50-60% on the cost of 
replacement of damages, but in the case of Manchester the greater 
part of it was due to the complete occupancy of the mills there, which 
were absolutely empty in 1936. 
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Mr. TurNER. Did that ratio hold at most places? ; 
Mr. ALLEN. We have found an even higher ratio than that at 
Lawrence and a little lower ratio at Lowell, but that may be a fair 
example of what might be expected, because, as you know, the 1936 
flood occurred during the depression, when a majority of the mills 
were idle. We have found, for example, that the benefits to be picked 
up have increased in greater proportion than the increase in the cost 
of the protective work since 1936. It is surprising but so. 

Mr. SHAW. When Mr. Allen mentioned that spread from 
$4,000,000 to $14,000,000 in the allowance for damages, he also said 
that they did not include the so-called non-recurring damages, such as 
bridges, which, when rebuilt, were rebuilt so as to be no longer sub- 
ject to damage. It occurred to me that there must be many border- 
line cases which might be called diminishing damages. If a small 
producer on a stream has had his 100-year-old rock-fill dam washed 
out, he probably replaced it with a dam which follows modern prin- 
ciples and very likely will not be damaged as much by the next big 
flood. Also, people who have had buildings damaged many times 
either do not rebuild or do not use the building for the same purpose. 
Did you take any account of those non-recurring or diminishing 
damages? It would be very hard to do it on a statistical basis but 
you would have to make some allowance. 

Mr. ALLEN. An old mill-dam that is washed out is not included 
in the recurring damages, unless it is rebuilt, and the majority of 
those old mill-dams are not rebuilt. They usually serve marginal 
mill properties, which are on their last legs anyway. It is only on 
going concerns that we include the damages as recurring. 

Mr. SHAW. How about the hay barn on the bank of the river, 
which was washed away, and which, when the man rebuilds it, he 
moves back 200-300 ft, so that it will not be damaged? 

Mr. ALLEN. If it is rebuilt outside the flood zone, the damage 
would not be a recurring damage. On the other hand, there is a lot 
of controversy as to flood damage and you will find, after a major 
flood such as occurred in 1936, that you could go to Lawrence or 
Lowell and buy a house that had been flooded for half of what it was 
worth. It was what might be called a depressed value. They wanted 
to move out. Today you would pay more for those houses than you 
would in 1935, due to economic conditions. For that reason we do not 
take account of those historical losses in computing our damages. 
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CHLORINE DIOXIDE AS A BACTERICIDE IN WATER- 
WORKS OPERATION 


BY R. N. ASTON AND JOHN F. SYNAN* 


[Read September 18, 1947.] 


Wirt the increased use of chlorine dioxide for taste and odor 
control, there has been growing interest in the bactericidal proper- 
ties of this gas. Investigation has proceeded along two lines: first, 
examination of the germicidal power of chlorine dioxide, when added 
to various samples of contaminatéd water in the laboratory; and 
secondly, study of the bacteriological improvement in waters which 
are being treated with chlorine dioxide for taste and odor control. 

When the use of chlorine dioxide for removal of phenolic tastes 
and odors was first investigated in Niagara Falls in 1944, tests were 
also conducted on the bactericidal power of the gas. B. coli was 
’ added to distilled water and the efficiency of chlorine dioxide was 
compared with that of chlorine in the disinfection of the water. It 
was found that chlorine dioxide was more effective than chlorine as a 
bactericide for contaminated distilled water. 

However, when water containing other crganic contaminants was 
used, the picture changed somewhat. Chlorine dioxide owes its effec- 
tiveness as a destroyer of unpleasant tastes and odors to its high de- 
gree of reactivity with organic compounds. This same reactivity 
causes the chlorine dioxide to combine with phenols, algae and other 
organic pollutants at the same time as (or even before) it attacks 
bacteria. This is illustrated in Table 1, summarizing a number of 
such tests. 

It may be seen from this table that, while the basic chlorine 
demand of these waters remains fairly constant, the chlorine-dioxide 
demand varies with the pollution. It is for this reason that the dis- 
infection of certain polluted waters requires more chlorine dioxide 
than chlorine. 


*The Mathieson Alkali Works, Inc., 60 E. 42d St., New York 17, N. Y. 
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TABLE 1.—RESULTS OF TESTS TO DETERMINE QUANTITIES OF CHLORINE DIOXIDE 
AND CHLORINE REQUIRED FOR DISINFECTION OF WATER. 


Ppm for complete 
Coliform index sterilization Basic demand 
Water of sample Clo. Cl, clo, Cl, 


(a) 
Merrimack River— 1,000,000 2.0 0.50 
tap water from 
Lawrence, Mass.— 
culture B. 
coli added 


(b) 


Merrimack River— 100,000 2.4 0.8-1.0 1.99 0.66 
untreated— 
filtered only 

(c) 

Niagara River— 1,000,000 0.6 0.6 


tap water from 
Niagara Falls— 
culture B. 
coli added 


(d) 
Niagara River— 10,000 1.4 0.8 1.01 0.66 
untreated— 
filtered only 


(e) 
Ohio River— 100,000 $2 1.0 0.89 0.65 
untreated— 
filtered only— 
from Cincinnati 


(f) 

Lake Michigan— 100,000 0.2 0.3 0.71 0.54 
untreated— 

filtered only— 

from Chicago— 

culture B. 

coli added 


a 
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Similar conclusions have already been reached by Joseph A. 
McCarthy of the Massachusetts Department of Public Health, who 
conducted tests at the Lawrence Experiment Station. McCarthy, too, 
concluded that chlorine dioxide has definite bactericidal value but that 
much larger amounts are usually necessary than with chlorine. How- 
ever, McCarthy pointed out several factors which have since proved 
to be important. In discussing the use of chlorine dioxide for taste 
and odor control, he suggested that the use of this gas could help to 
maintain a low bacterial count, through its destruction of organic 
material. In other words, by destroying organic material, the chlorine 
dioxide would permit the chlorine to act upon the bacteria without 
expending its energy on other organic matter. As will be indicated 
later, practical results in water plants using chlorine dioxide have 
borne out McCarthy’s conclusion. 

Still another point, brought out by McCarthy and since empha- 
sized by other investigators, is the stability of the bactericidal action 
of chlorine dioxide with respect to pH. As McCarthy stated, “There 
is also a fair possibility that the bactericidal action may increase with 
increasing pH. Sufficient evidence is not yet at hand to give definite 
proof of this tendency, which is quite contrary to the action of 
chlorine, but, if it is confirmed, it may be of real value, especially 
since a high pH is now maintained in so many water supplies.” 

A further contribution to knowledge of the bactericidal action of 
chlorine dioxide was made by Ridenour and Ingols of the University 
of Michigan School of Public Health. Using the new ortho-tolidine- 
arsenite test for free residual chlorine, they compared the effectiveness 
of chlorine with that of chlorine dioxide in the inactivation of polio- 
myelitis virus. They found that the effectiveness of the free chlorine 
residual is independent of the type of chlorine-bearing compound used, 
the same results being obtained from chlorine, chlorine dioxide, or a 
mixture of the two, provided the material added was sufficient to give 
the required OTA residual. (Their tests show, by the way, that the 
amounts of free chlorine required to inactivate the virus were well 
within the range of practical dosages used in water treatment and 
swimming-pool sanitation. ) 

Following their investigation of chlorine dioxide as a source of 
free chlorine for disinfection, Ridenour and Ingols explored the bac- 
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tericidal properties of chlorine dioxide. A report on this work was 
published in the June, 1947, issue of the Journal of the American 
Water Works Association. 

The experiments carried out by Ridenour and Ingols covered a 
variety of waters, including naturally polluted river water, artificially 
contaminated tap water, artificially polluted solutions of peptone in 
water, settled raw sewage, activated-sludge sewage effluent, and dis- 
tilled water. These waters were buffered at pH 8 and tests were con- 
ducted at 75° C. The results are summarized in Table 2. 

From the table it may be concluded, as the authors point out, 
that, regardless of the character or concentration of organic matter 
in the contaminated samples used for this study, chlorine dioxide was 
effective as a bactericide. Naturally, the amounts required for dis- 
infection varied with the amount and nature of the organic matter 
in the sample. On the basis of weight, certain types of contamina- 
tion require more chlorine and others more chlorine dioxide for kill, 
while some require about the same of each. Thus, when E. coli was 
added to Ann Arbor tap water, about the same amounts of chlorine 
dioxide or of chlorine were required for kill. As would be expected, 
raw sewage, which is high in organic content, required considerably 
more chlorine dioxide than chlorine. Mixtures of the two gases gave 
intermediate results. 

The table also illustrates the already well-known fact that OT 
tests are much less accurate as indicators of free chlorine than the 
new OTA test. Thus, in all tests there was no consistent relationship 
between the OT residual and the bacterial kill. Based on the OTA 
test, however, there is a comparatively exact relationship between the 
residual and bacterial kill. We can see from the table that, with the 
exception of the first item, less than 0.15 ppm of OTA residual was 
sufficient with either chlorine or chlorine dioxide as the disinfectant. 
Based on the OTA residual, it may also be seen, chlorine dioxide is 
somewhat more effective as a disinfectant than chlorine. The average 
of all samples gave a required OTA residual of less than 0.06 ppm for 
chlorine dioxide, compared with 0.12 ppm for chlorine. 

Ridenour and Ingols also tested the relationship between pH and 
disinfecting power, with results which bear out McCarthy’s earlier 
suggestion. Waters at pH’s adjusted to 6, 8 and 10 were used, with 
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results summarized in Table 3. Thus, when the pH of river water 
was raised from 6 to 10, the weight of chlorine required for disin- 
fection rose from 1 ppm to 3.0 ppm. By contrast, the weight of 
chlorine dioxide required actually fell from 1 ppm to 0.8 ppm. Simi- 
larly, when peptone solution is disinfected, the chlorine required is 
multiplied by more than 3 as the pH rises from 6 to 10, whereas there 
is only a slight rise in the amount of chlorine dioxide required. 

This stability of the disinfecting power of chlorine dioxide with 
rising pH, as the authors point out, indicates “important applications 
in waters of high natural alkalinity, those treated to prevent corrosion 
and softened waters.” 

These laboratory tests lead us to expect that waters treated with 
chlorine dioxide should show an improved bacterial quality. There 
are practical considerations which lead us to the same conclusion. 
It is well known, for example, that many water plants have had diffi- 
culty in maintaining a residual to the end of the distribution lines. 
This difficulty comes from the fact that organic materials, which react 
only slowly with chlorine, can come through the filters and then con- 
sume the residual chlorine in the distribution system. As stated 
earlier, chlorine dioxide reacts rapidly with these organic compounds, 
thus making it possible to maintain an adequate residual to the end of 
the lines. 

Similarly, many communities cannot completely disinfect by pre- 
chlorination, because of the severe tastes and odors developed. Appli- 
cation of chlorine dioxide, however, makes adequate pre-chlorination 
possible, thus permitting effective disinfection before the water is 
filtered. 

The bactericidal properties of the chlorine dioxide itself may 
result in a further improvement in the bacterial quality of the effluent 
water. As an example of this effect we may cite the experience at 
Chicopee, Mass. 

Chlorine-dioxide treatment was initiated in January, 1945, at the 
Chicopee water plant, to overcome a severe taste and odor problem. 
Prechlorination had been impossible, because of the intense taste 
and odor developed. Post-chlorination increased the taste and odor 
to a lesser degree, but the balance between the amount of chlorine 
for disinfection and the amount that made the taste and odor of the 
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finished water exceedingly unpalatable was so fine that the potability 
of the finished water was always close to the danger point. 

The introduction of chlorine-dioxide treatment had the expected 
results. It was possible to pre-chlorinate for disinfection, without re- 
gard to taste and odor difficulties. Post-treatment with chlorine 
dioxide eliminated tastes and odors and, in addition, made it possible 
to maintain a residual to the end of the line. A description of the 
installation is given in the McCarthy report mentioned earlier. Here 
we are concerned chiefly with the effect of chlorine-dioxide treatment 
on the bacterial content of the water. This is summarized in Table 4. 

Here we have listed the monthly averages of bacterial analyses for 
1944, the year before the installation of chlorine-dioxide treatment, 
and for 1945, the first year of chlorine-dioxide treatment. Figures 
for raw water and final effluent are given. It can be seen from 
this table that, although the raw water was about the same for both 
years, there was a marked improvement in the bacterial content 
of the water in 1945. For example, the average number of bacteria 
per cc in the final effluent was considerably higher in 1944 than in 
1945. Moreover, since the introduction of chlorine-dioxide treatment, 
tests for coliforms have been consistently negative. 

There has also been a consistent improvement in the bacterial 
quality of the water since 1945, as may be seen from Tavle 5, which 


TABLE 5.—BACTERIOLOGICAL ANALYSES OF FINAL EFFLUENT AT CHICOPEE, MAss., 
BEFORE AND AFTER CHLORINE-DIOXIDE TREATMENT. 


Before After 
1943 1944 1945 19461947 
2 days, 20° C.—Nutrient Agar 
Bacteria per cc: Average 45 41 3.3 1 
Maximum 210 140 7 
24 hours, 37° C.—Purple Agar 
Bacteria per cc: Average re 3 0.7 0.3 
Maximum 10 7 7 1 
Months Negative 0 0 5 8 
Coli-Aerogenes in 10ml 
Lactose Broth 
% Positive, Maximum 5 7 0 0 
Months Negative 7 9 12 12 


*First 6 months. 
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gives the figures for the two years preceding chlorine-dioxide treat- 
ment and the 2% years since that time. The test conducted on 
nutrient agar for two days at 20° C. gave an average bacteria count of 
45 per cc in 1943 and 41 in 1944. In 1945 the average dropped to 3.3 
and in 1946 the average was 1.0. The maximum figure for this same 
test was 210 in 1943 and 140 in 1944. In 1945 it had dropped to 7, 
and in 1946 and the first six months of 1947 the maximum was 
further reduced to 2. 

A similar, marked and continuously growing improvement is 
shown by the bacteriological test conducted on purple agar for 24 
hours at 37° C. Here the maximum dropped from 7 to 1 bacteria 
per cc after the introduction of chlorine-dioxide treatment. The 
consistently negative results for coliform organisms continued through 
the first six months of this year. 

On the basis of our present knowledge, therefore, we may con- 
clude that chlorine-dioxide application leads to an improvement in 
the bacterial quality of water, as a result of one or more of the 
following factors: 

1. Chlorine-dioxide water treatment often permits effective dis- 
infection by pre-chlorination, where it would otherwise be impossible. 

2. Chlorine-dioxide treatment makes it possible to maintain 
a residual to the end of the distribution lines. 

3. Chlorine dioxide is an effective bactericide, in all types of 
contaminated water, and is even more efficient than chlorine, where 
organic contamination is low. 

4. Chlorine-dioxide bactericidal action is stable with respect to 
pH and thus makes chlorine-dioxide treatment especially valuable in 
waters where the pH is high. 


DISCUSSION 


JosepH A. McCartuy (Lawrence, Mass.). I was particularly 
interested in following the bacteriological counts in Chicopee, at 
what was the most convenient and at the same time most distant 
point on the system from the pumping station. I should say now, 
from memory, that, about three weeks after the chlorine-dioxide 
treatment was stabilized, they began to notice a drop in the 20° 
counts. They began to drop and stayed down. The last samples that 
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I have seen from that point had practically the same 20° or 37° 
count at the extreme end of the system as at the pumping station. 
lt was my guess, in connection with the earliest paper on this subject, 
that chlorine dioxide would be a very valuable vehicle for chlorine 
and it seems that my guess at this distance was pretty good. 

WarrEN J. Scott (Hartford, Conn.). I would like to ask how 
many are using this chlorine dioxide in the way described. 

R. N. Aston (New York, N. Y.). I would say that it is in 
operation now in about 65 cities in this country and about 12 or 15 
in Canada. They are scattered from New England to Florida and 
west as far as Minnesota, and also in California. Hence it is used 
on a variety of types of water. 

Mr. Scott. How many cities use it where they have supplies 
which are not filtered, and are those ones that have objectionable 
tastes in the water? 

Mr. Aston. Yes, in the case of two in Michigan. In the case of 
Monroe, where it is an algae problem, they get fishy and musty tastes. 

ARTHUR L. SHAW (Boston, Mass.) Mr. Aston has very care- 
fully refrained from even inferring that he works for a company 
which sells both chlorine and chlorine dioxide. I think there may 
be some of us here who have not the brains to understand the chem- 
istry and biology of this thing, and such people may be wondering 
what the chemical significance of all these chemicals is. Is it advan- 
tageous to your company and other companies who make these chemi- 
cals to sell one in preference to the other? 

Mr. Aston. Why, I would say the answer as to which chemi- 
cal should be sold is—I should add to that, there is no city, where 
chlorine dioxide is installed and being used, where it is being used 
primarily as a disinfecting agent. For example, in Chicopee it is 
used with chlorine. Now, until there is sufficient bacteriological 
evidence, both in the laboratory and at the plant, there is no one who 
would want to try to use it primarily as a disinfecting agent, but we 
are trying to gather the evidence to prove it and then we can go out 
and offer it as the sole means of disinfecting. 

In regard to what we prefer to sell—chlorine or chlorine dioxide— 
I would say that the answer to that is: whichever would do the best 
job. It would be foolish for anybody to sell a product because the 
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profit would be higher. That would not be a sound basis. So that 
I would say the answer is to use whichever does the job—whichever 
will stay there and produce the results. Chlorine, of course, is used 
in large quantities, so that you get into the cost, in one instance, of 
using in a big pond 50 or 60 lb of chlorine as against 2 or 3 lb, which 
is the average dose of sodium chlorite being used throughout the 
country. While one is a more expensive chemical, the amount sold 
is much less. 

Mr. SHAw. I was interested to know whether you had a by- 
product, for which your research department was seeking an outlet. 

Mr. Aston. NO, definitely not that. 

Mr. McCartuy. There is another little interesting product of 
chlorine dioxide. I think I used it in a very small sample of water—- 
the ordinary sample. By using a mixture of chlorine and chlorine 
dioxide I was able to reduce the taste very sharply, to eliminate most 
of the manganese and the musty or iron taste, and to kill the bacteria, 
at a pretty stiff cost. 

GEORGE B. Garrett, Jr. The high-pH chloramines were much 
more effective than the chlorines and today the chlorine dioxide 
is more effective than the chlorine. The discrepancy is due to the 
formation of hypochlorous acid. With these facts you point out that 
that is not the true chemical nature of the disinfectant. Can you 
enlighten us on that? 

Mr. Aston. In the case of chlorine dioxide you do not have 
hypochlorous acid, so that, in considering chlorine, chloramine and 
chlorine dioxide, you do not have a common agent. It is hypochlorous 
acid which you have in chlorine and chloramine. The only similarity 
would be that they are all oxidative reactions. That is going to the 
fundamental subject of bacterial action and I am afraid I can’t offer 
anything on that. There are others much more capable of answering 
that. 

If I may, I would add to Mr. McCarthy’s story on manganese. 
I have about three or four plants now using chlorine dioxide for 
manganese and iron removal. In the one plant where we have ob- 
tained data, their average dose is running about 2 lb per mil gal with 
sodium chlorite. Incidentally, we have found, in trying to do labora- 
tory work on manganese removal, that the laboratory work indicated 
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we would need about 10 lb per mil gal but, on going into the plant, 
we found we could operate at about 2 lb. 

A Memser. I would like to ask Mr. Aston whether he would 
care to comment on the possibility of using some convenient form 
of tablet. Is it possible to get chlorine dioxide in such form now 
or do you think there is any possibility of developing something 
on that? 

Mr. Aston. The nearest I could come to answering that is to 
say that you do not have to use chlorine dioxide but perhaps an acid. 
We might be able, at some time, to produce a tablet. What you are 
getting at is some convenient unit package, which will represent the 
chlorine dioxide that we have today. I think it may be possible in the 
future. 

Mortimer M. Grssons (Rahway, N. J.). I would like to say 
that we use chlorine dioxide in the municipal water supply at Rahway, 
N. J., now. 

I am happy to say that many of the things Mr. Aston has claimed 
for his product are true, but he did mention manganese. It appears 
to us that there are some disadvantages in the way of physical de- 
terioration. For instance, if you have manganese coming through 
in your filter effluent and add chlorine dioxide to the filtered water 
at the entrance to the pure well, the manganese will be precipitated, 
and that may discolor the water or result in a dirtier-appearing water. 
In addition to that, there is apparently some increase in the color of 
the filtered water, due possibly to some other substance which is in 
the water—possibly tannin. In that case the color can increase very 
decidedly, as you increase your dose of chlorine dioxide. I mention 
that to indicate that there are some practical difficulties in applying 
this to a municipal water supply—it would have to be investigated— 
although I believe the advantages outweigh the disadvantages. 

Mr. Aston. I would add one point to that. Now we are remov- 
ing the manganese, as I hinted, in all those instances, as we now apply 
the chlorine dioxide to the raw water used in the mixing chamber, 
so that the manganese is oxidized and settled out in the settling basin 
before filtration. 

GILBERT H. Pratt (Gloucester, Mass.). If I understand rightly, 
you use chlorine in the manufacture of chlorine dioxide, do you not? 
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Mr. Aston. That is correct. 
Mr. Pratt. That is the only way it is produced at the present 
time, isn’t it? 

Mr. Aston. That is right. 

Mr. Pratt. How much chlorine do you have to use? You spoke 
of the 2-pound basis. 

Mr. Aston. The theoretical amount is about 1 lb of chlorine 
and 3 lb of chlorite, but we recommend about 1 lb of chlorine to 
2 lb of chlorite for generation of chlorine dioxide. 

MARSHALL S. WELLINGTON (New Haven, Conn.). In reading 
the literature about this, hearing about the people who have tried it, 
and hearing the statements that have been made here today, it seems 
to me that, when they use this chlorine dioxide, they have always in- 
creased the chlorine before they used it. I would like to know what 
the reason for increasing the dose is. 

Mr. Aston. In some instances we have increased the amount of 
chlorination but that is not universally so. Particularly in an algae 
problem, we find that, if we chlorinate more heavily initially 
and then react with chlorine dioxide, we get a better taste and 
odor removal than otherwise. As to why, we would like to know 
ourselves, but I believe it is because we perhaps form chlorinated 
compounds, which react more readily. 

One point, which I have mentioned rather vaguely, is that chlo- 
rine dioxide does have many specific reactions, and that is illustrated 
by the fact that chlorine dioxide, for example, will not react with 
ammonia in the water or with chloramine. That is an advantage in 
many instances but may prove to be a disadvantage when chlorine 
dioxide has specific reactions, because we may well find that there 
are certain types of tastes and odors that we can’t remove, because 
chlorine dioxide won’t react. 

Mr. WELLINGTON. Don’t you think that perhaps increase in 
dose would reduce your bacterial count? 

Mr. Aston. Yes, it probably would in that case. 

Mr. WELLINGTON. So that you could not say that the chlorine 
dioxide had the advantage of reducing your counts? 

Mr. Aston. I think I do, until we can get more evidence on it. 
LINN H. ENstow (New York, N. Y). Would you put chlorine 
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dioxide in alone for iron removal or do you require some chlorine for 
that also? 

Mr. Aston. We are not operating without chlorine, because 
we are not removing any point of chlorination, because we do not 
want to interfere in any way with the disinfection of the water. We 
could do it without chlorine at all—I think we could—but, practically 
speaking, we would not, because that would then give us only one 
point of chlorination. We would only have, in the town we are 
operating in, a chance to chlorinate the finished water and we would 
be depending much more on the chlorine dioxide for disinfectant. 

A Memper. Isn’t there an economic reason for using chlorine 
rather than chlorine dioxide, as one costs about 714 cents and the 
other 75 cents a pound? 

Mr. Aston. Yes. Economically you could disinfect much 
cheaper with chlorine than with chlorine dioxide. 

A MemBer. Nothing has been said about the effect of this type 
of treatment on the organisms other than the coliform organisms. 
Has anything been done along that line? 

Mr. Aston. I would assume you mean what is called the pre- 
sumptive-type organisms. There has been definite evidence of the 
reduction of the presumptives. We are now supporting some studies 
at the University of Michigan, where we are going to investigate those 
particular organisms, to see if, on those, there may be again a specific 
reaction with chlorine dioxide, but there has been evidence in the 
plants of reduction of presumptives. 
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BEHAVIOR OF OVERLOADED FILTERS 
BY L. F. DUTTON** 


[Received January 8, 1948.) 


A BRIEF chronicle of experience with rapid sand filters, which 
have been continuously overloaded for several years, as a result of 
war-related increases in demand and war-time restriction on expan- 
sion, will add to the information available on the overload capacity 
of such units. From time to time question is raised as to the suita- 
bility of the conventional filtration rates customarily adopted for 
design and as to the wisdom of increasing them with a view to re- 
duction of first cost. It has been demonstrated at the plant in ques- 
tion that rates substantially higher than normal can be handled for 
long periods without undue physical difficulty. 

The water-treatment plant at Groton, Conn.,* has a nominal filter 
capacity of 2 mgd on the basis of the conventional rate of 125 mgda 
(million gallons per day per acre) or 2 gpm per sq ft. The filters 
were operated at this rate or less for about three years, until the last 
of 1942. For the following four years the filter rates were continu- 
ously above normal, averaging over 170 mgda (36% overload) for 
the two years, 1944 and 1945, and recording a maximum month of 
186 mgda (49% overload), with other consecutive months close to 
this maximum. The filter rates are plotted on Figure 1. 

As an aid to the detection of physical deterioration in the filters, 
the monthly operating records have been used to determine the aver- 
age output of the filter units in each cycle between washings. These 
quantities have been plotted by months and as annual averages on 
Figure 1 in terms of gallons per cycle, per filter unit of 175.2 sq ft. 
If the filters were degenerating from continuous overload, some evi- 
dence of it would presumably appear in progressive lessening of the 
quantity passed per cycle. 


*This Journnat, Vol. LV, No. 2, p. 233, 1941. 
**Superintendent, Dept. of Utilities, Groton, Conn. 
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Reduction in length of filter runs is to be expected with higher 
rates of filtration but, if the quantity passed per cycle remains rela- 
tively undiminished, the filters may be considered to be maintaining 
their effectiveness, other things being equal. It will be seen that the 
annual average quantities per cycle are reasonably uniform from year 
to year and give no evidence of significant filter deterioration. 

A marked seasonal pattern of variation in unit output is notice- 
able, revealing an interesting relation between quantity filtered and 
temperature of raw water. In general, the quantities per cycle are 
higher, the lower the temperature. This is contrary to theoretical con- 
siderations related to the higher viscosity of cold water but is prob- 
ably accounted for by the greater prevalence of algae and other or- 
ganisms in warmer water, with resultant shortening of filter runs. 

Percentage of wash water, consistently remaining within limits 
of 2.5% to 4.5%, gives no indication of distress in the condition of 
the filters, which have continued to produce a satisfactory effluent, 
having a color, with rare exceptions, of 5 or less. 

Most of the operating problems encountered could be traced 
to preliminary treatment and resulted from the shortening of deten- 
tion periods for mixing and settling at rates of treatment in excess of 
the design. Some inconvenience was experienced, due to the inability 
to put filter units out of service long enough for such routine work 
as painting wash-water troughs, and the like. Routine hand-raking 
of the beds during washing has been an important factor in preventing 
the formation of compacted areas, which might have resulted in pro- 
gressive loss of effectiveness. Regular hand-raking has proven to be 
not unduly laborious on these relatively small filter units. Much 
credit is due the operators at the Groton plant for the successful way 
in which continuously overloaded conditions have been met. The 
periodic review of operating results and comments and suggestions by 
the engineers of the State Health Department, and by Metcalf & 
Eddy, who designed the plant, have also been helpful. 

It may be concluded from the experience at this plant that, with 
careful, intelligent operation, it is possible to operate filters for long 
periods at rates approaching 3 gpm per sq ft. However, filters to be 
operated at this rate should be preceded by preliminary treatment 
facilities of commensurate size and some reserve filter capacity should 
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be provided, to permit ordinary maintenance work. Filters designed 
for the higher rate would have little or no further capacity for over- 
load. If the plant in question had been designed with filter area 
based on 3 gpm per sq ft, it is very doubtful that it could have been 
successfully accelerated to as high a rate as would have been neces- 
sary to meet the demands upon it. 

Notwithstanding the ability of filters to operate at high rates, 
it would appear to be sound practice to adopt conservative basic- 
design rates and to reserve the known ability to operate at overload 
as a factor of safety against unforeseen emergencies. It is, of course, 
necessary that all such details as pipe sizes, rate-controller capacities 
and available head be in keeping with the higher rate, if the maximum 
capacity of the filters is to be fully available, when the need arises. 
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NOVEMBER 1947 MEETING 


Hotei STATLER, Boston, MAss. 
Thursday, November 20, 1947 


President Donald C. Calderwood in the Chair. 

Secretary Knox announced the election to membership of Ed- 
ward J. Kelley, Business Agent, Construction Division, Metropolitan 
District Commission, Boston, Mass. 

A paper on “Work of the New England Forestry Foundation 
on Watersheds” was read by Harris A. Reynolds, Secretary, New 
England Forestry Foundation, Boston, Mass. 

A paper on “Small Ground-Water Supply Systems for State 
Parks” was read by Arnold E. Howard, Park Engineer, Division of 
Parks and Recreation, Massachusetts Department of Conservation, 
Boston, Mass. 

H. B. Kinnison, District Engineer, U. S. Geological Survey, Bos- 
ton, Mass., gave a talk on “The Current Drought in New England.” 


DECEMBER 1947 MEETING 


HorTet STATLER, Boston, Mass. 
Thursday, December 18, 1947 


President Donald C. Calderwood in the Chair. 

Secretary Knox announced the election of the following new 
members: 

Members: John S. Capaldi, Vice-President, Capaldi Bros. Con- 
struction Co., Providence, R. I.; R. Nelson Molt, Administrative 
Office Manager, Metropolitan District Commission, Construction Di- 
vision, Boston, Mass.; Walter L. Olson, Water Foreman, City of 
Melrose, Mass.; Richard O’Neill, Water Foreman, City of Peabody, 
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Mass.; William A. D. Wurts, District Manager, Metropolitan Dis- 
trict, Hartford, Conn. 

Associate: Bowser. Inc., Manufacturers of Water Filters, Fort 
Wayne, Ind. 

A paper on “Reflections on the Bar Harbor Fire” was read by 
Theodore W. Grindle, Superintendent, Bar Harbor Water Co., Bar 
Harbor, Me. 

A paper on “Forest Fire Hazards’ was read by Raymond E. 
Rendall, State Forest Commissioner, Augusta, Me. 

A paper on “Experiences during the Recent Fires in York 
County, Maine,” was read by L. G. Smith, Superintendent and Treas- 
urer, Kennebunk Water District, Kennebunk, Me. 


JANuARY 1948 MEETING 


STATLER, Boston, Mass. 
Thursday, January 15, 1948 


President Donald C. Calderwood in the Chair. 

Secretary Knox announced the election of the following new 
members: William H. Balke, Jr., Division Engineer, Connecticut 
Light & Power Co., Enfield, Conn.; J. Elliott Hale, Superintendent, 
Kennebec Water District, Waterville, Me.; Harry W. Lea, Consult- 
ing Engineer, Montreal, Quebec, Canada; Cecil W. Mann, Superin- 
tendent, Livermore Falls Water and Sewer District, Livermore Falls, 
Me. 

President Calderwood read the following statement by the Execu- 
tive Committee: 

“In accordance with the vote of the Association on September 
16, 1947, the Executive Committee has reconsidered its previous ac- 
tion relative to the publication of the paper entitled ‘Contractors’ 
Problems in Construction of Water Distribution Systems’, and it 
was voted that it is for the best interests of the Association not to 
publish the paper.” 

Arthur C. King, Chairman of the Committee on Legislation, 
presented the following repecrt: Mr. President and members: Your 
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Committee on Legislation, with the approval of the Executive Board, 
prepared a rather short and simple bill and presented it to the Massa- 
chusetts Legislature at this session. Without much warning there 
was a hearing on it day before yesterday, before the Committee on 
Water Supply. The committee, I believe, was quite favorable but 
it was decided, after talking it over in a friendly way, that probably 
the best procedure would be for that Committee on Water Supply to 
bring in a resolve to have a recess commission make a thorough study 
of not only this bill but all of the allied subjects, bringing in the 
Department of Accounts, as well as the Department of Public Health 
and also the mayors and selectmen, and report probably at the next 
session. That will probably be the action of the committee but I 
will tell you just in a few words what the bill covers. 

It is Senate bill 417, entitled “An Act Relative to the Develop- 
ment and Use by Cities and Towns of Water Systems and Sources 
of Water Supply.” I won’t read it but I will give you the idea, which 
is that the Water Commissioners shall have full charge, control and 
management of a public system, that all water-department revenue 
shall be held for water-works purposes, that a depreciation fund shall 
be set up and held for that sort of thing, that the municipalities shall 
pay their water departments annual charges for fire protection, as 
well as for other municipal uses, and that, if desired by the city or 
town—this last paragraph is only optional—the water department 
may pay to the municipality something in lieu of taxes, to be based 
on plant value, but this sum in lieu of taxes shall not exceed 3% 
of the plant value. That is the gist of the bill as presented. I thank 
you. 

A paper on “Gypsy Moth Control with DDT” was read by John 
M. Corliss, in Charge of the Division of Gypsy and Brown-tail Moths 
Control, United States Department of Agriculture, Greenfield, Mass. 

A paper on “The Algal Environment in Relation to Fish’ was 
read by Allan S. Kennedy, Assistant Fish and Game Biologist, Divi- 
sion of Fisheries and Game, Massachusetts Department of Conserva- 
tion, Boston, Mass. 

A talk on “Financing Public Works in New England” was given 
by John W. Agnew, Manager, Municipal Division, First National 
Bank, Boston, Mass. 
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ENGINEERS 


HOWARD E. BAILEY 
Consulting Sanitary Engineer 
Water Works Water Purification 


Sewerage Sewage Treatment 
Industrial Wastes Disposal 


6 Beacon St., Boston, Mass. 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


H. K. BARROWS 


M. Am. Soc. C. E. 
Consulting Hydraulic Engineer 


Water Power, Water Supply, Sewerage, Drain- 
age, Investigations, Reports, Valuations, 
Designs, Supervision of Construction 


BOSTON, MASS. 6 BEACON ST. 


This Space 
Available For 
Your 
Advertisement 


(See inside back cover for rates) 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 
Charles M. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 
Investigations Reports Designs Valuations 
ngineering Supervision 
11 BEACON STREET BOSTON 


MORRIS KNOWLES, INC. 


Engineers 
Water Supply and Purification, Sewerage 


and Sewage Disposal, Industrial Wastes, 
Valuations, Laboratory, City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Airfields 


Valuations 


Laboratory 
Statler Building, BOSTON 


CLYDE POTTS 


MEMBER AM. SOC. C. E. 
Consulting Sanitary Engineers 
ASSOCIATES 
Weston Gavett, Mem. Am. Soc. C. E. 
Stanley N. Williams, Mem. Am. Soc. C. E. 
SEWERAGE AND SEWAGE DISPOSAL 
WATER WORKS AND WATER SUPPLY 
VALUATIONS AND APPRAISALS 


New York 7 30 Church Street 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
BOSTON 8, MASS. 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Industrial 
Wastes; Investigations and Reports; Design 
Supervision; R h and Develop 3 Flood 
Control. 


R. M. LEGGETTE 


Consulting Ground Water Geologist 


Salt Water Problems 
Investigations 
Reports 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue New York 17, N. Y. 
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ENGINEERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 
Malcolm Pirnie 

Robert W. Sawyer Ernest W. Whitlock 

Richard Hazen G. G. Werner, Jr. 

Investigations, Reports, Plans, Supervision of 

Construction and Operations, Appraisals and 
Rates. 


25 West 43rd St. New York 18, N. Y. 


WESTON & SAMPSON 
Consulting Engineers 
Suppl ds 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


50 Church Street 


Edward F. Hughes Co. 
Water Works Contractor 


New York City 


Gravel, Artesian and Driven Wells 
Foundation Borings 


53 State St., Boston 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years 


Write for Literature 


Cement Lined Pipe Co. 
Lynn, Mass. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869. 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems 


89 BROAD ST. BOSTON, MASS. 


PIERCE - PERRY CO. 


Wholesalers of 
Water Works Brass Goods. 
Byers Wrought Iron Pipe. 
Youngstown Steel Pipe. 
Valve and Service Boxes. 
236 Congress St., Boston, Mass. 
Telephone, Hancock 7817-7818 


C. Reppucci & Sons, Inc. 
General Contractors 


Ground Water Supply 
Gravel Packed Wells Driven Wells 
Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. Lafayette 7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIRkland 1438 
Cambridge, Mass. 


LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well a Supply Contractors 


ngland Headquarters 
15 Ryder eae, Arlington, Mass. 
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ERSEY WATER METERS 


4OICE OF EXPERIENCED WATER WORKS 
NEERS FOR MORE THAN HALF A CENTURY 


RSEY MANUFACTURING COMPANY 
SOUTH BOSTON, MA 


NG 


Belt-Type Gravimetric Feeder Bulletin 24-27 
Loss-in-Weight Gravimetric Feeder Bul. 20-23 
Universal Feeder Bulletin 1-4 
Precision Solution Feeder Bulletin 9-12 
Groove Disc Feeder Bulletin 61-64 
Rotodip Solution Feeder Bulletin 46-49 
Rotolock Feeder Bulletin 50-53 
Dust Collectors Bulletin 42-45 
Laboratory Stirrers * Chemical Elevators 


Write for Bulletins 


OMEGA MACHINE CO. 


(DIVISION OF BUILDERS IRON FOUNDRY) 
63 CODDING ST., PROVIDENCE 1, R. I. 
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hington-Gamon 
poG war 


waren P 


The meter used by thousands 
of in the U S. 
end obrood 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Warch Dog Water Meters first choice of so many 
municipalities and private water companies 

in the United Staces 


WATCH DOG WATER METERS 
*Watch Dog” models... mode in standord capacities from 
20 gpm vp: frost-proof and split cose in household sizes. Disc 
type, Turbine type or Compound type. Write tor Bulletin. 


WORTHINGTON-GAMON 
METER COMPANY 


296 South Street, Newark 5, New Jersey 
Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 
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STANDARDIZE ON 


You get all these 
exclusive advantages 
through TRIDENT 


INTERCHANGEABILITY 


1899 Trident 
Water Meter 


Economy in Inventory 

New parts fit all models. No obsolete parts needed for old models. 
You get real standardization. 

Efficiency in Maintenance 
No time lost selecting replacement Parts fit ectly, saving 
labor. Fewer from the Test-Bench 

Reliability in Performance 
Modern improvements in new parts mean a hi standard of 
reliability in repaired Tridents. _— 

Assurance Against Depreciation 
Interchangeable parts are your assurance that your Tridents do not 
become obsolete through future improvments. 
Utmost in Revenue 


In @ parts permit you to increase your standards of 
accuracy for repaired meters at the Test-Bench. 


NEPTUNE METER COMPANY 
250 STUART STREET 


BOSTON 16, MASSACHUSETTS 
BRANCH OFFICES IN PRINCIPAL CITIES 


Over © MILLION sold —the great majority still in servic 
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power costs reduced 14% 
volume increased 300% 
5 coefficient raised 225% 
for 
ATLANTA 


eee : 
viii 
4 
: 
“and centrilining the coefficient was raised : 
of cleaning other 
leading cities have. No obligation of course! 
NATIONAL WATER MAIN CLEANING COMPANY & 
CHURCH STREET, NEW YORK 7,N.Y. 
NTA Mortgage Guarantee Building ST.LOUIS, 03 Dale Avenue 
FON Reterboro Street SALT LAKE CITY 1 49-151 W. Secons So. St. 
West Wacker Drive SAN FRANCISCO Market Street 
ar Street. = MAYAGUEZ, PUERTO RICO - BOGOTA 
RICHMOND 240 East Franklin Street CARACAS MEXICO City 4 


FORGET 


bron we mean just that: Forget it! Forget the 
Rensselaer Gate Valve, or Hydrant, that you 
install today. Forget it for many years to come. 


Isn't that what you want in a Valve or 
Hydrant: the assurance that it can be 
forgotten? When you buy Rensselaer, 
you buy more than just another valve; 
you also buy an assurance of long- 
term, trouble free service. 


There are many 
worries you can't 
avoid; why not 
minimize the ones 
you can? 
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TESTED FOR 
OVER 30 YEARS 


For more than thirty years water works superin- 
tendents have been using Hydro-tite for joining 
bell and spigot pipe. They have found that this 
self-caulking, self-sealing compound costs less to 
buy, requires less labor, makes tighter joints and 
withstands the effects of time, strain and vibration. 
Send for data book and sample. 


Always use Fibrex, the bacteria-free packing for 
pipe joints. Send for sample. 


YDRAULIC DEVELOPMENT CORPORATION 


Sales Office: 50 Church St., New York, N.Y. 
»rks: West Medford Station, Boston, Mass. 
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HERE’S PUMPING SERVICE 


One of the two Fairbanks-Morse motor driven Centrifugal pumping units 
in HUDSON, Mass., Municipal Pumping Station. 


Town officials at Hudson, Mass., are 
pleased with the “Undivided Respon- 
sibility” they have obtained through 
their Fairbanks- 
Morse Pumps, driven by Fairbanks- 
Morse Motors. 


the team-work of 


When additional gallonage became 
necessary to supply the increased 
population and care for industrial 


expansion, the Town of Hudson drove 
a well field and installed two Fair- 
banks-Morse Centrifugal § Pumps, 
driven by Fairbanks-Morse Motors. In- 
stalled by the R. P. Hall Company of 
Boston, these Pumps are now giving 
Hudson low-cost Pumping efficiency. 

A trained Fairbanks-Morse Engi- 
neer is on call to help solve YOUR 
Pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue 


Boston 10, Massachusetts 


Telephone: Lafayette 3600 


FAIRBANKS 
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FLECTRICAL MACHINERY FARM EQUIPMENT 


xii ADVERTISEMENTS. 


FOR COMPLETE INSTRUMENTATION AND CONTROL 


Consult BUILDERS - PROVIDENCE FIRST. The 
knowledge of over a half century's expe- 
rience in the water and sewage works field 
is at your disposal. 


RAW WATER AND FINISHED WATER 


Herschel Standard and Short Venturi Tubes . . . Bulletins D10-110.20 and 
D11-110.20 


Flo-Watch, Type M and Chronoflo Instruments . Bulletins D11-300.20, 324A 
and D10-230.20 


FILTRATION 
Venturi Effluent Controllers . . . . . . « « Bulletins 321B and 325A 
Rate of Flow and Loss of Head Gauges. . . . . . . «+ ~« Bulletin 329A 
Sand Expansion Indicators. . . . . « + « « Bulletin 335 
Wheeler Filter Bottom Forms . . . . . . « « « « Bulletin D4-700.21 


WASH WATER 
Wash Rate Indicators and Controllers . . . Bulletins 321B,329A and 325A 


RESERVOIRS AND TANKS 
Float Operated Liquid Level Gauges . . . « « Bulletin 329A 
Chronoflo Telemeters for Long Distance Seenetten . .« Bulletin D10-230.20 


For Bulletins, address Builders-Providence, Inc. 
(Division of Builders Iron Foundry) 
26 Codding Street, Providence 1, Rhode Island 


BUILDERS= PROVIDENCE 
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Kennedy Safetops 
\ do the next best thing 


A fire hydrant hasn't been made that can dodge an accident. 
But when a Kennedy Safetop Hydrant is struck a smashing 
blow which no hydrant can withstand, only the Safety Break- 
able Section gives way. The essential working parts of the hy- 
drant are left undamaged, the danger of injury to persons or 
property is minimized and the cost of repair is far less. 
There is no flood or geyser . . . no need to shut off local water 
supply . . . no need for excavation or complete replacement. 
One man, with but $10 worth of parts, can put the hydrant 
back in service in half an hour. 


For extra safety and extra savings . . . standardize on Safetops. 
THE KENNEDY VALVE MFG. CO. © ELMIRA, NEW YORK 
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DE LAVAL 


CENTRIFUGAL WATER WORKS PUMPS 


Town of Clinton, Mass., Water Works 


A recent installation of a modern heavy duty De Laval water works pump 
designed for 1500 G.P.M., against 232 feet net head with 65 feet positive head 
on the suction. Special sleeve construction is employed because of the high 
positive suction pressure. 


This new unit replaces an old De Laval pump that was retired after more than 
25 years of satisfactory service because of increased water demand. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone LIiBerty 5993-5994 Boston, Mass. 
New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 


TRENTON, NEW JERSEY 
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Ingot or 


Whether the caulking job calls for ingots for cast lead joints or 

lead wool for cold caulking, the primary requirement in either OTHER 
case is lead of high purity. PRODUCTS— 
Don’t take chances with inferior caulking lead which may have LEAD PIPE 
been a from scrap material containing a large per- SOLDER 
centage of impurities. 

When present in a caulked joint, impurities on the surface will WHETE LEAD 
corrode and cause weak spots. The stresses due to normal pipe 
movement concentrate at these areas and failure results. 

Our lead, both in ingot and wool form, is made from selected 
metals and carries the Lead Industries Association Seal of Ap- 
proval as a guarantee of its quality. 


NATIONAL LEAD COMPANY 


OF MASSACHUSETTS 
800 Albany Street Boston 6, Massachusetts 


ADVICE from your Electric Company 


Within the Boston Edison Company is a staff of experienced men 
thoroughly qualified to give you advice on any branch of our 
electric service. 


Whether you are interested in better lighting — air conditioning 
— industrial heating — commercial cooking or any other electrical 
improvement the assistance of these men is available to Boston 
Edison customers without cost or obligation. 


Call or write to the 


Electric and Steam Sales Department 
39 Boylston Street, Boston HANcock 3300 


soston EDISON company 
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THE HEFFERNAN PRESS 


WHEN WATER LINES 
ARE 


RIVETERED 


You can put correct metering PRINTERS 
on over-sized lines with Ford 
Meter Adaptors. These 
handy, inexpensive connec- 
tors permit use of smaller 
meters for better registration 
of smaller flows. Just screw PUBLISHERS 
them onto the smaller meters 
and install where larger 
meters have been. You get 
the benefit of more accurate 
water measure. 


FREE CATALOG 


Send for new Ford 
catalog showing Adap- 
tors and many other 
money-saving meter set- 
ting devices. Send to- 
day. 


FORD METER BOX Co. 150 FREMONT STREET 
WABASH, INDIANA 


WORCESTER, MASSACHUSETTS 


xvi 
4 
j 
” 
“a 
4 
ETER ADAPTORS 
‘a 
4 


ADVERTISEMENTS. 


QUICKER— 
STRONGER, TOO... 


HAYS 
Combination Corporation Stop and Saddle 
for Cast Iron or Steel Pipe = 


It's quick . . . it’s simple . . . it's safe. 
It's the corporation stop that water companies 
and municipalities have needed for a long 
time. Especially today, with the large scale 
housing projects and the demand they put on 
the service department, the Hays ‘“Duo-Stop”’ 
is an important time-saver in making connec- 
tions to small mains. 


There's no interruption of service... 
there’s no tapping of the main . . . there’s no 
weak spot in the connection. 

The “Duo-Stop” Combination Corpora- 
tion Stop and Saddle is strong . . . stop and 
service clamp are of one-piece solid, rust-proof 
bronze .. . it is pressure-tight and leakless. 


The Hays “Duo-Stop” is built to serve 
and built to last. 


Write today for Folder 105 


COPPER | BRASS LEAD IRON. 


WATER WORKS PRODUCTS J 
HAYS MANUFACTURING CO., ERIE, PA. fo 


Potent Applied For 
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Double-Suction WATER PUMP 


No other pump has the Floating Sealing Rings . . . yet this 
exclusive feature alone makes the Morris Double-Suction Water 
Pump outstanding for efficiency and long service. 


During the instant that the pump comes up to speed, but 
before full pressure is built up, the Morris Floating Sealing 
Rings adjust themselves to a uniformly close running clearance 
around the impeller. As soon as full speed is developed, the 
internal hydraulic pressure acting upon the vertical face of the 
Floating Ring, presses it tightly against the precision machined 
surface of the casing ring where it is firmly held in place. 


This action permits machining the rings to closer clearances. 
Leakage is consequently reduced to a minimum, initial efficiency 
maintained for much longer periods of service. Assures con- 
centricity of ring with impeller and eliminates binding due to 
abnormal operating conditions. 


Advanced design of Morris Double-Suction Water Pumps and 
their several exclusive features assure increased hydraulic and 
mechanical efficiency . . . reliability . . . and low maintenance 
cost. Write today for free Bulletin 179. 


MORRIS MACHINE WORKS 
Baldwinsville, N. Y. 
Sales Offices in Principal Cities 


xviii 
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Valves and Hydrants 


Distinctive Features of the EDDY Valves 


Com three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 
- «+ « The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


T= new hydrant has all the advantages of the 


popular EDDY fire hydrant, plus several addi- 
tional features. . . Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different positions. 
Should the standpipe be broken, only the “cast. 
ing below the swivel head need be replaced. 


‘ To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug valves, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


Eddy Valve Co. 


WATERFORD NEW YORK 
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Reproduced from the 
Hagerstown, Md. Daily Mall, 
March 29, 1946 


Chis is but one of the many benefits of the 
Break-Point Process. Your W & T Representative 
will be glad to tell you how it can also give. 
you improved coagulation, longer filter runs, 
better algae control, help in iron, manganese 
and color removal and the elimination of all 
gas-formers. 


“THE ONLY SAFE WATER IS A STERILIZED WATER” 


WALLACE & TIERNAN 


COMPANY, INC. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES. 
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EDSON 


PUMPS and ACCESSORIES 


Hand Pumps - Power Pumps 
Truck or Trailer Mounted 
Edson Special Suction Hose 

Red Seal Diaphragms 

Edson Bronze Hydrant Pump 

Strainers, Adapters, etc. 


Distributors for 
Pollard Pipe Line Equipment 
Electric Pipe Thawers 
Universal Pipe Locator 


THE EDSON CORPORATION 
49 D STREET, Tel. SOUth Boston 3041 SOUTH BOSTON 
New York: 142 Ashland Place, Brooklyn 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


11 BROADWAY, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 
Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 
Large Stock Enables Us to Make Prompt Shipments 
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Get Full Service From Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 
jobs— any size—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 


Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 6 Beacon Street, Boston Warehouse and Yard: East Cambridge, Mass. 


UTILITIES SUPPLY CORPORATION 


Affiliated with Edward F. Hughes Company (Est. 1910) 
Distributors of Water Works Supplies and 
Materials for Mains and Services 


Atlas Mineral Products Co., Mineralead & Jointing Materials 


Cast Iron Pipe Fittings 4” to 12” 

Revere Copper & Brass Co., Type “K” Copper Tubing 

Byers Pipe Co., Wrought Iron Cement Lined Pipe 

Hauck Mfg. Co., Melting Furnaces and Torch 
Burners 

National-Boston Lead Co., Caulking Lead & Lead Wool 

U. S. Rubber Co., Rubber Sheet Packing & Hose 

Walworth Co., Inc., Pipe Fittings, Wrenches and 
Service Valves 

Ames-Baldwin-Wyoming Co., Shovels 

Hays Mfg. Co., Water Works’ Brass Goods 

Office Warehouse 
53 State Street WATERTOWN, MASS. 
BOSTON, MASS. 


BOWdoin 8777 
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AUTOMATIC VALVES 


Controls elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 
1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


SURGE-RELIEF VALVE 


Electric 
remote control— 
solenoid or 


furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box592 TROY, N. Y. 
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_ RED HED RECESSED CURB STOP 


| 
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| 
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It has always been the desire and determination of | 
| Red Hed Mfg. Co. to produce the best water | 


| works brass goods possible. | 
The continued purchase of Red Hed brass goods — 
by a large number of water works managers, is, 
we believe, proof of the correctness of our policy — 


which will be continued in future. 


Makers of 


RED HED Brass Goods for Water Works 
368 Congress Street Boston 10, Mass. | 


RED HED MFG. CO. 
| 
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Sixty-seventh 
ANNUAL CONVENTION 
of 
THE NEW ENGLAND 


WATER WORKS ASSOCIATION 


September 14 - 17, 1948 


Hotel Pennsylvania 


New York City, N. Y. 
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IN JOINING BELL & SPIGOT WATER MAIN 


CUTS 


© time needed to lay the line 


|MINERALEAD: 


® delay in starting back-filling 


® labor and maintenance costs 


HE addition of olefine polysulphide 

gives super resistance to mechanical 
shock and abrupt temperature changes, 
also reduces shrinkage in cooling ® Ingot 
is handy to work with, impervious to 
moisture and cannot change its correct 
composition. ® Full information from 


THE ATLAS MINERAL PRODUCTS CO. of Pa. 


Mertztown Pennsylvania 


Manufacturers also 
the HYDE-RO Ring and G—K, the Original 


Bituminous Sewer Joint Compound 


THE HEFFERNAN PRESS 


PRINTERS 
AND 


PUBLISHERS 


150 FREMONT STREET 


WORCESTER, MASSACHUSETTS 


Resists Corrosion 


591-593 WASHINGTON ST. 


Attention Mr. Water Works Superintendent ! ! 
CEMENT LINED SERVICE PIPE:— 


Has proven practical for nearly three-quarters of a century 


Immediate d.tivery can be made to waterworks on 
both wrought iron and steel, black or galvanized. 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FITTINGS 


TEL. 3-9550 LYNN, MASS. 
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AIR COMPRESSORS. 


Edson Corp., The ....... xxi 
ASBESTOS CEMENT PIPE. 

Johns-Manville Corp. .. . Following front cover 
BRASS GOODS. 

Smith Mfg. Co., The ; ...Following front cover 
CALKING MACHINERY AND TOOLS. 

Hydraulic Development Corp. ............. x 


CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 
CHEMICAL FEED APPARATUS. 


Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) ... : xii 
4 CHLORINATORS. 
: Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) xii 
CLEANING WATER MAINS. 
Flexible Underground Pipe Cleaning Co. XXii 
National Water Main Cleaning Co. .... ......... viii 
COCKS, CURBS AND CORPORATIONS. 
Mueller Co. ...... Following front cover 


Smith Mfg. Following front cover 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONSTRUCTION AIR TOOLS. 


a CONTRACTORS’ EQUIPMENT. 
Hydraulic Development Corp. . ........ wakes x 
CONTRACTORS. 
COUPLINGS, FLEXIBLE PIPE. 
CURB BOXES. 
DIAPHRAGMS, PUMPS. : 
% Proportioneers, Inc. % ..Following front cover 
ENGINEERS. 
Camp, Dresser and McKee .... ii 
Haley and Ward ...... a ii 


Pirnie Engineers, Malcolm iii 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued ) 


ENGINES. (See Pumps and Pumping Engines.) 
EQUIPMENT. 
FEED WATER FILTERS. 


% Proportioneers, Inc. % Following front cover 
Ross Valve Mfg. Co., Inc. 


(See Contractors’ Equipment.) 


FILTRATION PLANT EQUIPMENT. 
Ruilders-Providence, Inc. (Divn. of Builders Iron Fdry.) xii 


FLAP VALVES. 
Eddy Valve Co . 


FLEXIBLE JOINTS. 


U. S. Pipe and Foundry Co. .................. . ae nd Xxxii 


FURNACES. 
Hydraulic Development Corp. ............. .... x 


GATE VALVES. 


(See Valves.) 


HOSE, SUCTION AND CONDUCTION. 


HYDRANTS, FIRE. 
Eddy Valve Co. 


HYDRANTS, PUMPS. 

LEAD. 

National Lead Co. of Mass. ... ............... nik ' ; xv 

LEAD PIPE. (See Pipe, Lead.) 

LEAD WOOL. 

National Co. of Maas, xv 

LEAK FINDERS. 

METERS, OIL AND WATER. 

Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) .................. xii 


Pittsburgh Equitable Meter Divn. .....................64.. Following front cover 
METER COUPLINGS. 
Ford Meter Co. : 
Hersey Mfg. Co. 
Neptune Meter Co. i 


METERS (Venturi Type.) 
Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) xii 
METER BOXES. 
Ford Meter Co. 
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METER TESTERS. 


OIL ENGINES. 

fs! PIPE, ASBESTOS CEMENT. 

ci ...... Following front cover 

PIPE, BRASS. 

aI PIPE, CAST IRON (and Fittings.) 

Builders-Providence, Inc. (Divn. of Builders Iron xii 
Cast Iron Pipe Research Asscciation ............. ; .. &xXxi 

U. S. Cast Iron Pipe and XXX 

PIPE, CEMENT LINED. 

Cast Iron Pipe Research Association ....... ........... 

PIPE, COATING AND LININGS. 

is PIPE, CONCRETE. 

PIPE JOINTING MATERIAL. 

Atlas Mineral Products Co. nee xxvi 

Hydraulic Development Corp. i..... x 

PIPE, LEAD. 

PIPE LINING. 

ie PIPE, PRESTRESSED CONCRETE. 

PIPE, WROUGHT IRON AND STEEL. 

PLUG VALVES. 

Pittsburgh Equitable Meter Divn. ....................005. Following front cover 

PITOMETERS. 

PORTABLE AIR COMPRESSORS. (See Air Compressors.) 
PRESSURE REGULATORS. 

Pittsburgh Equitable Meter Divn. front cover 


PROVERS, WATER. 
Badger Meter Mfg. Co. . 


..Following front cover 
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PUMPS AND PUMPING MACHINES. 


RATE CONTROLLERS AND GAUGES. 
... Following front cover 
Builders-Providence, Inc. (Divn. of Builders Iron. Fdry.) chugs ii 


SHEAR GATES. 
Eddy Valve Co 

SLEEVES AND VALVE TAPPINGS. 

Eddy Valve Co 


SUPPLIES AND TOOLS. 
Hydraulic Development Corp. 


Following front cover 


Pierce-Perry Co. 


TANKS, WATER, FUEL, SLUDGE DIGESTION. 


TAPPING MACHINES. 


TAPPING SLEEVES. (See Slewen and Valves, Tapping.) 
VALVE BOXES. 


Kennedy Valve Mfg. xiii 


Pipe Founders Sales Corp. 
Wood, R. D. Co. ..... .. Following front cover 
VALVE INSERTING MACHINES. 
Smith Mfg. Co., IEF ..... Following front cover 


VALVES, CHLORINE. 


Wallace and Tiermam Co., Tme. xx 
VALVES, GATE. 


Pierce-Perry Co. 


VALVES, REGULATING. 


WATER WASTE DETECTION. 


WELL CONNECTIONS. 

WELLS, GRAVEL, FILTER AND DRIVEN. 


WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.) 
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ADVERTISEMENTS. 


THE CUSTOMERS TELL US 
HOW GOOD OUR PIPE IS 


The chart below is based on a published re- 
port of the American Water Works Associa- 
tion of the results of a survey of the “Survival 
and Retirement of Water Works Facilities” 
in 25 representative cities. These are facts 
taken from the records. They show that 
96% of all cast iron water mains ever laid 
in the 25 surveyed cities, since 1817, in sizes 
6-inch and over, are still in service. Cast Iron 
Pipe Research Association, Thomas F. Wolfe, 
Engineer, 122 South Michigan Avenue, 
Chicago 3, Illinois. 


96% Still 
in Service 


SERVES FOR 
CENTURIES 
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Original Woodcut by Lynd Ward 


Nothing is more certain than change 


In this relatively young nation, nothing is more certain than 
change. Shifting population, suburban developments, apart- 
ments replacing private homes, new shopping centers—changes 
requiring additional or enlarged underground mains for water, 
gas and sewage. The last quarter-century has witnessed radical 
changes in methods of producing cast iron pipe, as, for example, 


the Super-deLavaud process of centri- 
fugal casting, developed by this Com- 
pany. U. S. Super-deLavaud cast iron 
pipe is tough; high in tensile strength, 
impact strength and uniformity of 
metal structure. Also, a process and 
product research and development 
program is being continuously carried 
out to discover any changes that would 
result in still better products. 


UNITED STATES PIPE AND FOUNDRY CO., 
GENERAL OFFICES: BURLINGTON, N. J. 


Plants and Sales Offices throughout U.S.A. 


cast iron 


PIPE 


FOR WATER. GAS. SEWERAGE 
AND INDUSTRIAL SERVICE 


Wh AN 


| 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JournAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Departments is 
called to the JouRNAL OF THE New ENGLAND WaTeR Works ASSOCIATION 
as an advertising medium. 


Its subscribers include the principal Works ENGINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1000 coptes. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 


The JouRNAL is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


Size of page, 44 x7%4 net. 
A sample copy will be sent on application. 
For further information, address the Advertising Agent, 


Mrs. Auice R. MELROSE, 
609 StaTLeR Burtpinc, 
Boston 16, MAssAcHUSETTS 


One Issue Four Issues 

: One Page $ 48.00 $120.00 

P 

Eighth Pa 11.00 27.00 : 

e. One Page, 68.00 272.00 

G Back Cove 100.00 250.00 

1/12 Page .. 8.00 20.00 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 


charges. 


Another point, LEADITE saves “interest charges’ ray speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 


Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 
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